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Cut Power Mower Costs 429 Fer Unit! 


CUSTOMER PROBLEM: 


Require bearing design that will help reduce 
production costs of power mower without 
affecting mower’s high quality and performance. 


SOLUTION: 


N/D Sales Engineer, working with company 
engineers, recommended a new, more efficient 
cutter housing design utilizing three precision 
New Departure production double row ball 
bearings. These high capacity dual purpose 


bearings resist heavy radial and thrust loads in 
any combination. The conversion accounted 
for a parts and assembly-time cost savings of 
$4.29 per mower. In addition, the manufac- 
turer is able to promise mower users years of 
trouble-free performance, while pricing more 
competitively at retail! 

Perhaps there’s a New Departure production 
ball bearing that will help lower costs and add 
new sales appeal to your product! Why not call 
on New Departure today? For more informa- 
tion write Department E-9. 


Replacement ball bearings available through United Motors System and its Independent Bearing Distributors 
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SPICER SPLIT-TORQUE CLUTCH provides 
a second and continuous source of take-off power 


oO) Hollow shaft, splined directly 
o 


to clutch bracket 
es 


@® Drive shaft to transmission 


a 
* 
Q) To tachometer, hydraulic 
pump, etc. e 


* 
® To live power take-off °° * °° 


The Spicer Split-Torque Clutch delivers power 


draulic pump and a live PTO shaft. And, there’s 
to two shafts... 


almost no limit to the number of accessories 


e@ One is the drive shaft — the same as you'll and PTO drives that can be powered by the 
find in a conventional transmission. As Spicer Split-Torque Clutch. ’ 
usual, power is controlled by engaging and In by-passing the clutch plate with a source 
disengaging the clutch. of continuous power you make your tractor 
: : more efficient . . . more profitable . . . simpler 
* The other is a concentric hollow shaft to operate. That’s why the Spicer Split-Torque 
splined to the clutch bracket. Since the Clutch is a sales feature in itself. 
bracket is bolted to the flywheel, power is 


Investigate the advantages of the Spicer 


Split-Torque Clutch before you finalize your 
AS IT’S NOW EMPLOYED by one tractor design. The Dana engineer will be glad to show 


manufacturer, the concentric outer shaft pro- you how its second source of power can be 
vides power for a continuously operating hy- used to best advantage. 


continuous whenever the engine is running. 


2k. Wie SERVING TRANSPORTATION AND AGRICULTURE — 
Transmissions ¢ Auxiliaries ¢ Universal Joints ¢ Clutches 

Propeller Shafts ¢ Power Take-Offs « Torque Converters 

Cc o R PO RATI On Axles ¢ Powr-Lok Differentials ¢ Gear Boxes e Forgings 


Toledo 1, Ohio Stampings e Frames e Railway Drives 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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Engineered Environment 


€¢]NGINEERED Control of Environments for Mod- 
ern Farming” with respect to fatigue, psychology 
and atmosphere has been selected as the theme for this spe- 
cial issue of AGRICULTURAL ENGINEERING. Two articles 
deal with work that engineers have been doing in reducing 
human stresses and fatigue through an evaluation of the 
basic relationships of operator, seating, steering and controls 
in the operation of tractors and farm machines. Both articles 
were presented at a national meeting of ASAE during a 
special session on “Ergonomics in Farm Equipment Opera- 
tion.”” One is a report of research work co-sponsored by 
Purdue University, Indiana Heart Foundation, American 
Heart Association, Indiana State Board of Health, and the 
National Institutes of Health aimed at finding ways to keep 
the farmer with heart disease on the farm, and to keep 
others from becoming subjected to unfavorable conditions. 

Psychology in farm equipment design and farm work 
efficiency is covered in two articles that also were presented 
during the special ASAE session on ergonomics. One article 
covers the potential applications of psychological research, 
or human engineering, to mechanical design problems; the 
other reports on progress toward integrating the farm worker 
and his machine for maximum efficiency. 

Controlling the atmosphere relative to farming is re- 
viewed in a series of articles which represent a summary or 
“state of the art’’ report of scientific literature on the rela- 
tion of plants and animals to their environments. Separate 
articles report on plants, poultry, dairy cattle, beef cattle, 
swine and sheep. Also included are articles on criteria for 
appraising the performance of irrigation pumping plants 
and a new air-conditioned helmet for tractor and farm ma- 
chine operators. 

As farms become larger and the number of farm work- 
ers decline environmental control will become an increas- 
ingly important factor in improving the working conditions 
on the farm. 


Special Incentive for ASAE 
Membership Efforts 


SPECIAL incentive is again being offered by ASAE 

headquarters to members who make a special “new 
member” effort during October Membership Month. Each 
member submitting two new applications postmarked dur- 
ing October will receive his choice of an ASAE lapel pin or 
lapel button. 

October has been designated as Membership Month be- 
cause (1) it marks the beginning of the year’s activities for 
most sections, (2) applications received during October can 
be processed in time to permit the new member to enjoy 
a full calendar year of services, and (3) strong membership 
activity at the beginning of a section’s year of operation can 
stimulate enthusiasm for other projects and activities suited 
to a growing organization. 

Application forms will be supplied on request to ASAE 
headquarters. Members are requested to enclose two new 
completed application forms in one envelope with a note 
expressing their preference—the ASAE lapel pin, or the 
ASAE lapel button. 
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helps farm 


Armco’s family of coated tubing is an economical solu- 
tion to many agricultural equipment design problems: 


Armco ALUMINIZED STEEL Type 1 Tubing for applications in- 
volving a combination of heat and corrosion. 


Armco ALUMINIZED STEEL Type 2 Tubing for protection 
against atmospheric corrosion. 


Armco ZINCGRIP® Steel Tubing for corrosion resistance, 
particularly in the presence of moisture. 


Typical applications for ZINCGRIP Tubing are the pump 
cylinders and syphon tubes in these insecticide sprayers 
manufactured by Universal Metal Products Company, 
Saranac, Michigan. Company officials point out that this 
special tubing provides the necessary corrosion resist- 
ance for these parts. 
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HOW ARMCO COATED TUBING 
equipment designers 


Sprayer manufacturer saves 
by changing from non-ferrous 
metal to Armco ZinceriP Steel 
Tubing for pump cylinders 
and syphon tubes. 


Se ” i = 


ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company » Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 


Weld Bead Removed 


All special Armco Tubing grades are coated with zinc 
or aluminum. The outside weld bead is removed and the 
coating replaced by a special metallizing process. When 
a smooth interior surface is important, all Armco Tub- 
ing can be ordered with the inside weld rolled down. 
For complete information on sizes, gages, and shapes 
of tubing available, just write Armco Steel Corporation, 
2069 Curtis Street, Middletown, Ohio, for a copy of our 
booklet, “Why Designers Specify Armco Coated Tubing.” 
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these low-gost Ey 


ge unit 


aE 


combining pre-lubricated-for-tite 


ball bearings and idiers in a sing ple: mounting 


Compact—easy to install—sturdy unit 
construction with a full complement of 
balls—case hardened bearing races—for 
anti-friction performance. Long main- 
tenance-free service life. 

Require little, if any, engineering 
alterations. Mount easily on sheet metal 


or any semi-rigid structural member 
with standard bolts—for all relatively 
light-duty, medium-speed applications. 

For complete information, phone your 
local representative listed in the yellow 
pages of your Classified Phone Book or 
write direct for Catalog AG-57. 


AETNA BALL AND ROLLER BEARING COMPANY 


DIVISION OF PARKERSBURGH-AETNA CORPORATION + 4600 SCHUBERT AVE. - CHICAGO 39, ILL. 


Anti-friction Consultant to Leading Original Equipment Manufacturers since 1916 
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earning power £7, 


i 


on every job... 


tractor power sizes ...10to 8 


+) 


There are six International® 


Dozens of types, sizes, and options let a farmer 
“design” his own IH tractor to fit a 5 acre 
truck farm... a 5,000 acre wheat ranch... or 
any other acreage or farming enterprise in be- 


See your 
INTERNATIONAL 
HARVESTER Dealer 


International Harvester Products pay for themselves 
in vse—Farm Tractors and Equipment . . . Twine . . . Indus- 
trial Tractors . . . Construction Equipment . . . General 
Office, Chicago 1, Illinois. 
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Report to Readers... 


CONTENTED COWS REPOSE IN COMFORT A British ex-cavalry major has developed a 
ON NEW FOAM PLASTIC MATTRESSES foam plastic mattress that eliminates the 
need for straw bedding for his dairy herd, 
whose production is said to be more than three times the national average. .... 
The mattress consists of a solid foam plastic filling encased in a particularly 
thick, durable and flexible vinyl covering that withstands heat, cold, moisture 
and rough usage. It is 534 feet in length, 34 feet in width, and tapers from 
a thickness of 3 inches on one side to 134 inches on the other — and weighs 7 
pounds. . . . . Advantages claimed for this mattress are better health, saving in 
labor and cost of straw, and cleaner cows. "The cows simply love them," claims 
the major; "they never want to get up." Since it is said that a cow's milk yield 
is in direct ratio to the length of time she spends lying down, with a measurable 
drop for every quarter mile she walks, this could be a strong selling point for 
the plastic mattress. 


TWO-WAY RADIO TELEPHONE It is quite significant that two "new product" re- 
MOVING INTO FARM MARKET leases on two-way radio telephones should reach the 

editorial desk in the same mail, and from points as 
widely separated as Illinois and Connecticut. In each case the radio telephone 
unit is a combined radio transmitter and receiver. It can be used without an 
operator's examination or any license procedure on the citizen's band of radio 
channels, and any number of units can communicate with each other. ... . With 
the extraordinary increase in the number of motorized implements, machines, and 
equipment of all kinds now in use — both on and off farms — and at greater dis- 
tances from bases of operation, the need for prompt, efficient means of inter- 
communication becomes increasingly important. Indeed the potential market for 
two-way radio telephone equipment should prove attractive to manufacturers of 
such products, and one becoming ripe for exploitation. 


NEW DEVICE SPEEDS Since mechanization speeds up so many mechanical operations 
BAGGING OF WOOL in agriculture, why not that of bagging wool? A Louisiana 
State University agricultural engineer asked himself that 
question, then proceeded to answer it by designing a machine to do the job. .... 
The standard wool bag used in Louisiana is 26 inches in diameter and 7 feet long, 
and in use one of these bags is attached to the end of the 24-inch cylinder of 
the bagging machine. Wool is then fed by hand into the cylinder and compacted 
in the bag by a hydraulic ram. Specially designed projections on the ram head 
extend into the bag packing the wool against the sides of it. ... . The ram 
may be operated by an electric motor and hydraulic power pack or direct from the 
hydraulic system of a farm tractor. With this setup two men can pack 12 bags of 
wool of 225 pounds each per hour. 


A RUBBER=LIKE SYNTHETIC REVEALS This product is urethane. A thin layer of 
ASTONISHING PHYSICAL PROPERTIES cast urethane between two metal sleeves, it 

is said, will create a drive-shaft torsion 
elastic spring that will transmit full engine torque and yet dampen vibration 
and cushion shock. This same product poured into a mold will set up and form a 
permanent bond with any surface, providing amazing strength and abrasion resist- 
ance. . . . - Besides casting this material as a solid, it can be made into a 
plastic-like resilient foam. A recent application of the latter form was for 
filling pneumatic tires; the tires would not go flat even after being fired upon 
at point blank range with firearms. ... . Another possible application for this 
synthetic would be for building waterproof storages or other structures quickly 
and at low cost by excavating cellars or pits and coating the sides and bottoms 
with urethane foam. Earthen pillars coated with this foam might be used to sup- 
port a light-weight yet surprisingly strong, rigid foam ceiling. 

, (Continued on page 488) 
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Latest population count: 173,888,000. In a scant 
6 years, we'll have 20 million more people to 
feed and clothe — an increase far greater than 
the entire population of Canada! Beyond that, 
economists put our population at 225 million by 
1975. To meet the challenge, your farm will be 
pushed to undreamed of productivity. Land 
improvements will play an important part in 
maintaining our standard of living. 


Here’s how one young farmer 
is gearing up to meet the future 


He’s Norris Raun, 37-year- 
old rice grower and cattle- 
man of El Campo, Texas. 
Starting from scratch, he 
has carved a 5000 acre 
ranch out of scrub timber- 
land. With bulldozer and 
determination, he cleared land, filled low spots, 
cut down ridges. He drilled wells, dug irrigation 
canals, built levees. Land that once grew only 
rattlesnakes makes 30 bushels of rice per acre, 
or carries a cow for every couple of acres. And, 
the ranch is still expanding. 

Here’s the point: this all took time. In fact, 
Raun has been working on land improvement 
for ten years, and he has more plans for the 
future. What he’s done would take generations 
with ordinary wheel farm tractors or muscle 
power. That’s why Raun chose Cat-built equip- 
ment. And after the ground was prepared, he 
found his Cat Diesel Tractor the best farm 
power yet — with the lowest operating costs — 
greatest work capacity — versatility and long- 
est life of all farm tractors, whether on wheels 
or tracks. 

If you’ve been thinking of improving or ex- 
panding your farm, now is the time to start it! 
See your Caterpillar Dealer for complete infor- 
mation on the equipment you’ll need. 
Caterpillar Tractor Co., Peoria, Illinois, U.S.A. 
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Cat Diesel Tractors pull a 400' loop of anchor chain to cut 
a 75' swath through scrub growth. Another Cat track-type 
Tractor pushed out the big trees. 


Tough spots were cut and filled to grade by bulldozer, or 
Cat Diesel Tractor and Scraper. This assures even water 
coverage, helps prevent drowning or burning crops. 


For routine farm work, Norris Raun proves you can’t beat 
a Cat Diesel Tractor. Here, a Cat Dé Tractor (75DBHP) 
pulls his home-built levee builder. 


CATERPILLAR 


Caterpillar ond Cot ore Registered Trademarks of Caterpilior Troctor (o. 
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. . « Report to Readers (Continued from page 486) 


MECHANIZES HARVESTING USDA and Michigan AES researchers have been saying it 
OF SOUR CHERRY CROP will be another two or three years before mechanical 

harvesting of sour cherries becomes an accomplished 
fact. However, a Michigan grower, faced early this past season with the uncer- 
tainty of getting pickers because of a short crop, decided to mechanize his har- 
vesting operation this year. He bought one of the tree shakers used in Califor- 
nia for harvesting nut crops, and had some frames built to catch the cherries as 
they fell. With this equipment he harvested his crop (from 2,000 trees) in 15 
days with a 9-man crew — an operation that ordinarily would have required 120 
pickers. . .. . Based on a rough estimate, this grower says that mechanical 
havesting cut his picking costs by at least one-half and perhaps as much as 
two-thirds. In a good crop year he thinks the difference would be even more, 
possibly a saving of as much as four-fifths of hand-harvesting costs. ... . 
While bruising was about double that for hand-picked fruit, the researchers be- 
lieve this difference can be offset by mechanical improvements in the catching 
frames. The cherries are not bruised in being snapped from their stems or in 
hitting limbs on the way down. With newer models of experimental catchers, 
there is apparently no bruising when the fruit hits, the catchers, but only when 
it rolls from the frames into lugs or other containers. ... . AS for leaves 
and twigs shaken down with the cherries, their removal is a simple matter. For 
years this grower has been hauling his cherries to the processing plant in water, 
and since leaves and other debris all float, they can be easily removed. 


SOIL MIXER PROMISES CHEAPER A new farm machine, developed by a British sci- 
FIELD CONTROL OF NEMATODES entist, points the way to cheaper control of nem- 

atodes and possibly of other soil-borne diseases. 
It is said that this soil mixer, with a single application of yellow mercuric 
oxide, can reduce the golden nematode population of a field by 60 to 80 percent, 
at a cost of around $30 an acre. In tests of this method of control, potato 
yields have increased by over two tons per acre. . .. . In developing this soil 
mixer, the basic components of two machines — rotary tiller and duster — were 
used. For surface application, the dust is deflected by the duster through 
transparent plastic tubes onto the soil surface. For an application below the 
soil surface, the dust is blown through tubes which open into spaces left be- 
hind duckfoot tines clamped to a tool bar in front of the rotary tiller. The 
duster is operated by the exhaust from the tractor, and the pesticide is mixed 
with the soil by the rotary tiller which will work to a depth of 9 inches. 


STEAM-DRIVEN POWER UNIT Nostalgic memories of those of riper years who grew 
MAKES BID FOR ATTENTION up on the farm in the horse-and=-buggy days may be 

readily rekindled by any hint of a possible revival 
in the use of steam power. But it is not at all likely, in the light of fore- 
seeable developments, that the steam engine will ever seriously compete with the 
internal-combustion engine and the electric motor as a farm power unit. There 
are, however, limited-access areas, as well as other possible conditions, in 
which the two latter prime movers may not so well meet power requirements on ac- 
count of excessive costs and other limiting factors. In such cases steam power 
may provide the best answer. ... . The announcement of development of a steam- 
power unit by an English manufacturer for just such a market is therefore of in- 
terest. This company builds a portable unit weighing under 3,000 pounds which 
develops its normal rated output of 5 to 6 hp at 450 rpm, and is capable of an 
intermittent overload of 7 to 8 hp. Most fuels ranging from low-grade coal or 
lignite and wood to cotton waste and other local-grown combustible materials can 
be used. Operating on the controlled-flow and monotube principle, the danger of 
explosion in the steam generator is considerably diminished. Besides fuel, lit- 
tle or no operating cost should be involved with such a unit. The potential 
market for it, though scattered, might well prove an attractive one. 
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SEE THESE OUTSTANDING AUTO-LITE 
ENGINEERING ADVANCEMENTS 


Something revolutionary in 
starting motors! It’s so 
logical somebody should 


A new electro-mechanical 


control system that may put 
push buttons on everything 
have thought of it before! from Alembics to Zithers! 


demonstrated demonstrated 


A new approach to hydraulic 
controls! Here’s a break- 


A transistorized 
through that is the answer ignition system that fires 
for a lot of equipment — spark plugs under water! 
maybe yours! 


demonstrated 
demonstrated 


LISTEN TO NBC “NEWS ON THE HOUR” BROUGHT TO YOU BY AUTO-LITE, MONDAY THROUGH FRIDAY, 7 A.M. TO 11 P.M. 


AUTO-LITE  --0222-- 


AUTO-LITE ENGINEERS! 


BOOTHS 307 AND 457 FREE USEFUL GIFT 


FOR EVERY ENGINEER 


SAE DISPLAY WHO REGISTERS 
MILWAUKEE AUDITORIUM AT BOOTH! 
Sept. 14-17 
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Te eng araaarecre tea to aay 


ae 
A COMPLETE LINE TO CHOOSE FROM 
FOR YOUR PARTICULAR APPLICATION 
Available in all thread styles and sizes 


a a Foe SOARES SPN OP Sy ees Fe 


Permanently Attached Male 
(NPTF) for 1, 2 and 3 Wire 
Braid rubber cover hose. Plated 
to prevent rust and corrosion. 
Sizes: 14” thru 2”’. 


Wkg. Press.: 375—5000 p.s.i. 


Permanently Attached Male 
Flare (JIC) for 4 and 6 Spiral 
Wire Braid rubber cover hose. 
Used for Ultra High Pressure. 
Sizes: 9” thru 114”. 


Wkg. Press.: up to 7500 p.s.i. 


Reusable Male (NPTF) for cot- 
ton and rubber cover hose. No 
skiving necessary. 


Sizes: 14’ thru 2’. 
Wkg. Press.: 350—3000 p.s.i. 


Reusable Swivel Female for 1 
and 2 Wire Braid rubber cover 
hose. Easy field replacement. 


Sizes: 14” thru 114”. 
Wkg. Press.: 375—5000 p.s.i. 


Permanently Attached Flange 
Head Couplings for 1 and 2 
Wire Braid rubber cover hose. 
Available in angles to 90°. 
Sizes: 9’ thru 2”. 


Wkg. Press.: 375—5000 p.s.i. 


Clamp Type Couplings with 
split flange stems for 1 and 

Wire Braid rubber cover hose. 
Exclusive ‘‘Inter-Lock"’ feature. 


Sizes: 4” thru 2”. 
Wkg. Press.: 375—5000 p.s.i. 


Permanently Attached Power 
Steering Assemblies to meet 
all requirements—designed to 
your specifications. 


Attached Air 


Permanently 
Conditioning Assemblies for 
automotive use—designed to 
your particular specifications. 


Lm 
Stina 


a Se RR RRC TE AS 


Dept. AE-9 
MANITOWOC, 


MANUFACTURING COMPANY 


WISCONSIN 


ASMA first to be specified 


by America’s leading OEM's... 


It’s a known fact that many lead- 
ing Original Equipment Manufacturers 
submit their original specifications for 
their first quotation to Eastman. 


EASTMAN’s unequalled experience 
in hydraulic conversion, plus many 
original designs shown in a few popular 
Eastman fittings at the left—give your 
product an appearance of quality that 
improves its competitive position. 
These assemblies are available in all 
thread styles and sizes. 


EASTMAN Engineering Service... 
Backed by Unequalled Experience 


It is also a known fact that Eastman’s 
co-operative engineering counsel and 
service is highly respected and often 
requested by leading OEM’s. Let 
Eastman engineers help you lay out 
your fluid power lines—from pump to 
point of work—effecting economies in 
design, improving performance and in- 
creasing user satisfaction. 


Let EASTMAN recommend the 
best assembly ... for the best per- 
formance... at the lowest cost. 


io 


Adapters, Adapter 
Unions and Boss “O" 
Ring Fittings. All types 
and sizes available. 


“Vane, | 
og ee 
“nt le 


Bent Tubing with the 
necessary fittings to 
meet your own specific 
requirements. 


FOR ADDITIONAL INFORMATION, 
WRITE EASTMAN MFG. CO., 
MANITOWOC, WISCONSIN 
OR PHONE: MURRAY 4-4495 


See us at the SAE Engineering 


Show, Sept. 14-17, Milwaukee 


Auditorium—Booth A-3 
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National O-Rings are precision made, uniform commercial rings tome & a 
available throughout the United States—promptly! Quality is lAchon 3700" 
superior ; all ingredients are inspected before compounding and te 
compounding is strictly controlled for maximum uniformity. pets. roll 
. . +. i 1 . 
Molding is done on modern equipment by veterans of 20 years so Mead bea 
e ° ° e ° YEllowstone 2-2720 
in O-Ring manufacture. Every precaution is taken to insure Sutien oh Cea 
° ° ° B Engineering C 
that no O-Rings with cuts, scratches or mold defects are shipped. 2514 West Mockingbird Lome 
: Fleetwood 2-7541 
Detroit 27, Michigan 
13836 Puritan Avenue 
VErmont 6-1909 
Indianapolis 5, Indiana 
2802 N. Delaware St. 
WaAlnut 3-1535 
Kansas City (Prairie Village) Kansas 
Benson Engineering Co. 
2902 West 72nd Terrace 
ENdicott 2-2843 
NATIONAL SEAL ol ip Los Angeles (Downey) California 
ago i 11634 Patton Road 
Division, Federal-Mogul-Bower Bearings, Inc. ; ’ \ TOpaz 2-8163 
General Offices: Redwood City, California — ime : 4 , pram gen hy eon 
Plants: Van Wert, Ohio, Redwood City ; Ti iegenene py BRoadway 1-3234 
and Downey, California Red Bank, New Jersey 
16 Spring Street 
SHadyside 7-3242 
Wichita, Kansas 
Benson Engineering Company 
519 So. Broodway 
AMburst 2-6971 
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THIS MUCH MORE in ‘99 


Expansion was not the order of the day during 
the past year, but it was in this period that the 
growing sales of “Double Diamonds” required 
the addition of 60% more manufacturing 
space. Hence, we now enter the more promis- 
ing future with better and more facilities to 


EATON 


May we send you this catalog of the gear types in which we specialize: 
helical gears, flywheel starter gears, straight bevel gears, straight 

spur gears, angular bevel gears, hypoid bevel gears, gear assemblies, 
zerol* bevel gears, spiral bevel gears, and spline shafts? 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 


wl GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
} GEAR-MAKERS TO LEADING MANUFACTURERS 


serve as your “gear department” or to fill your 
gear orders with “Double Diamond” Gears 
that are built to produce low installed cost... 
to serve economically and dependably on the 
job for which you buy them...and to do 
credit to your product and your reputation. 


RICHMOND, INDIANA 
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LUBRICATES ALL BEARINGS IN SECONDS! 


The simple push of a button on the instrument panel By designing this low cost, automatic lubrication 
delivers refinery-pure lubricant under high pressure 


; i 4 sl beari Bet. i system into your farm implements, you automatically 
ee eee ty ee ee ne: increase their efficiency, economy, service-life, and 
any time the engine is running. Adjacent signal light a : “ 

flashes on when lubrication cycle is completed. sale-ability. Here’s how Lincoln MULTI-LUBER 
Featured as standard equipment on the new Systems pay off: 


Minneapolis-Moline Customatic 570 Harvester. 1. Eliminate down-time and man-hours for lubrica- 
tion. Increase number of daylight production hours. 


2. Increase life of bearings and moving parts. . . 
reduce maintenance cost . . . insure complete, posi- 
tive lubrication. 


<3. Prevent breakdowns before they start — win dealer 
and customer satisfaction. 


4. Keep implements running smoothly, efficiently in 
any weather. 


5. Prevent waste and contamination of lubricant. 
System is completely sealed. 


G. Last for the life of the original equipment itself. 


VACUUM “ MANUALLY 
OPERATED } OPERATED 


on self-propelled on attachments, 
or engine-powered pull-type or 


machines mounted machines M A | L T H | 5 C 0 U P 0 N T 0 D AY 


LINCOLN ENGINEERING CO. 
5702-6 Natural Bridge Ave. 
St. Lovis 20, Mo. 


Please send my copy of Catalog No. 811R giv- 
ing complete specifications on Lincoln MULTI-LUBER 
Systems. Also, booklet of typical engineers’ ques- 
tions and answers about the MULTI-LUBER. 
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they pave the way to 


bigger harvest profits, 
bigger dealer volume Every farmer wants to “make hay while 


the sun shines.”” The same principle applies 
to all crops. John Deere Crop Dryers per- 
mit an earlier, easier, surer harvest at high 
moisture content. They take away risk, 
discomfort, and loss from harvest . . . add 
security, convenience, and profit. More and 


RS i oe ad more farmers are coming to realize that a 
ohn Deere dealers can now match the drying needs of all customers with either drv wm ees . 

~ oO ste - 1 n 
the batch-type 458 Grain Dryer, or the versatile new 88 Portable Crop Dryer. ryer is not Just emergency equipment for 


a wet year, but a vital part of modern har- 
vest equipment. 
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For Example... 


Wheat farmers can go into standing wheat 
of 20 per cent moisture and combine just 
the heads, avoiding lodging, shattering, 
hail damage, and the need for windrowing. 


Hay growers can bale green, leafy hay at 
45 per cent moisture . . . be sure of quality 
hay with more protein content. 


Corn growers can harvest two weeks 
early, at 25 to 30 per cent moisture... 
streamline operations by field-shelling. 
Grain sorghum can be combined at mois- 
ture up to 26 per cent to reduce field loss. 


Permit System Sales 


These are the first crop dryers to be made 
by any full-line implement company. They 
set new standards of safety, convenience, 
and efficiency . . . open up new opportu- 
nities for dealers to sell complete harvest- 
ing and materials-handling systems. 


They are just one more reason why the 
John Deere franchise is the most valued 
in the farm equipment field. 


Wherever Creps Grow, heres a Growing 

j ‘ 

Demand for John Deere Farm Equipment 
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HOME-MADE TREE DIGGER DOES WORK OF 40 MEN! 


This ingenious home-made tree digger saves much time —_That’s John Haworth at the controls. Others left to 
and labor on the 800-acre tract of the Onarga Nursery right are J. M. Snyder, Francis Albee, Texaco Consignee 


Co., Onarga, Ill. (partly hidden), C. C. Lewis, foreman and A. L. Fisher, 
Easily doing the work of 40 men, it can dig up 60-70 _ treasurer of the company. The Onarga management, like 
shade trees an hour, roots and all, as easily as a soda _— farmers everywhere who operate power equipment, 
fountain clerk scoops up a ball of ice cream! knows that it pays to farm with Texaco products. 

oe hi. 


f 
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Marfak prevents bearing breakdowns 


J. V. O’Banion (left) operates a wash out, dry out, or cake up. 
dairy farm with a herd of regis- Farmers everywhere who try it, 
tered Guernseys near Campbells- _ continue to buy it. 

ville, Ky. Not to be outdone, his 
wife takes care of 1,100 laying 
hens. Mr. O’Banion agrees with 
L. T. Wheat, manager of the 
Heber Lewis Oil Co., that field 
breakdowns are avoided with 
Texaco Marfak lubricant. It 
forms a tough collar around open 
bearings, sealing out dirt and 
moisture. Marfak won’t drip out, 
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Carrying the rocker-arm load... 
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Here’s a typical application in which the design engineer uses 
formed bushings to meet both performance and cost demands. 


This rocker-arm bushing is formed from sintered bronze-on-steel 
strip. In fast oscillation, at 200 p.s.i. average loading, it has an i 
average life of 5,000 hours, or 150,000 miles. Cost-wise, you will ' 
find it attractive. Space and weight are saved, with no sacrifice of | 


strength or service life. Bushing Design Guide, technical 
publication by our Engineering 


There are countless other applications in motor, machine and ac- | Department. Shows materials, size 


cessory design, where formed bushings deliver equal satisfaction. | standards, design and applica- 
Let our engineers assist you. Consultation is free—no obligation. i tion features. Write today! 

= PHeeR A I VV maemenmstn miiwvwicio NAN 
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FEDERAL-MOGUL-BOWER BEARINGS, INC., 11081 SHOEMAKER, DETROIT 13, MICHIGAN 


Copper-Alloy 
Lined 
Bearings 


Precision FEDERA) 


Thrust 


Washers 
Spacer Camshaft 


Tubes Bearings 
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Announcing a NEW Drive Engineering 


New DAYTON POLY-V’ DRIVES permit 


Typical application where the use of Poly-V Drive results in consider- 
able savings in space, weight and costs .. . a more compact and lighter 
drive because of greater flexibility and load carrying capacity. 


NEW DAYTON POLY-V DRIVE 


New Dayton Poly-V Drives complete the 
Dayton line... answering many of the design 
engineers’ problems dependent on greater 
power delivery under the most critical space 
limitations. 


This new concept of power transmission em- 
ploys a single, endless parallel V-ribbed belt 
running in sheaves designed to mate precisely 
with the belt ribs. Single unit design provides 
twice the tractive surface per inch of sheave 


width . . . delivers up to 50% more power in 
as little as 24 the space where these require- 
ments are indicated. This means /ess overhang, 
less bearing load . . . a more compact and 
lighter drive. Single unit design completely 
eliminates need for matching belts, helps main- 
tain constant pitch diameter and speed ratios 
from no load to full load. You get longer drive 
life . . . smooth vibration-free performance . . . 
greater dependability . .. 
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Service . 


Gives Greater Power Capacity. Full contact with the 
entire sheave driving surface gives Dayton Poly-V greater power 
capacity because it has twice the contact area of other drives 
with half the surface pressure. 


Delivers More 
Power. Dayton Poly-V 
increases the drive capac- 
ity 30% to 50% in the same 
drive width... functions 
as a friction-force-multi- 
plier in the sheave groove. 
Makes Poly-V ideal where 
more compact design is 
essential. Three cross- 
sections (J 3/32”, L 3/16", 
M 3/8” rib widths) handle 
all applications. 


Melrose Park, Ill. 


wide range of special drive designs... 


provide for more power in less space 


Now from one source, Dayton Industrial Products Company—the 
most complete line of friction-type drives in existence—for every appli- 


cation from automatic washers and dryers to large industrial machinery 
and farm implements. 


Maintains Constant Pitch Diameter at All 
Loads. Full contact of Dayton Poly-V gives solid support 
under strength member. Speed ratio doesn't vary. Belt position 
remains constant from no load to full load. 


' Saves Space. Nar- 
rower drives deliver equal 
power in less space. In 

AERA ADRS L HM most applications, the 
width of Dayton Poly-V 
Drive is 2/3 to 3/4 of the 


<iiesiaa on ~4 width of standard multiple 


drives of the same horse- 


' power. Poly-V has higher 
7 ane horsepower capacity per 
an Weae inch of sheave width. 
r Means less shaft over- 
bet 
' 


4 Le 7 + L T of hang, less drive weight, 
r | rt 


lower drive cost. 


DAYTON’S SPECIAL ENGINEERING SERVICE 


Make use of Dayton’s special Drive Engineering Service when 
you think of power transmission. The time to call us is when 
your design is still on the drawing board. We have no axe to grind 
—we’ll help you select the Dayton V-Belt Drive (FHP, Multiple 
Variable Speed or Poly-V) best suited to your specific need. 


® Registered trademark of R/M Inc. Manufactured by Dayton 
Rubber under exclusive license of Raybestos-Manhattan, Inc, 


a Dayton Industrial Products Co. 


A Division of The Dayton Rubber Conipany 


© O.R. Co. 1959 
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“Customeered” 


components 
basic to industry 


ideas on “Customeered ” 


UBBE 


RTS 


...their design and application for improved product performance 


No. 1 


New ORCO continuous process now custom molds 


precision rubber 


Precise tolerances within +0.003 in. 
are now possible in large volume 
production of custom-molded rubber 
component parts. Ohio Rubber’s new 
high-speed, continuous molding process 
produces such parts at rates of up to 
200,000 pieces per day. 


Greater precision, which results in 
important savings on finishing costs, is 
assured through use of single-cavity, 
self-registering molds. They permit 
accurate, uniform application of pres- 
sure to minimize flash—maintain con- 
sistent tolerances for all dimensions. 
Uniform material thickness is equally 
assured by a plasticizing mill, which as 
an integrated part of the process directs 
uniform charges to each mold. 


Direct feeding, from the mill to the 
mold wheel, eliminates the conventional 
intermediate extrusion step and further 


TurS E0GE OF MOLE 


To BE SwanP 


High-precision is indicated in the close toler- 
ances of this quadruple-landed seal for auto 
shock absorbers— more economically produced 
in volume through Ohio Rubber’s new high- 
speed, continuous molding process. 


parts in volume—at less cost! 


Wide range of parts being more economically produced through Ohio Rubber’s new molding process 
include (top, left to right): valve stem deflector, condenser seal, (bottom) seal piston rod packing, 
universal joint seal, and oil seal. These, like all the many other small, precision parts already produced 
or being produced, vary in dimensions up to 142’ in diameter and 1” in thickness. 


insures part uniformity and quality 
consistent with specifications. The con- 
tinuous process permits precise control 
of time and temperature for each part. 


Large volume production results in 
substantial cost savings for small, 
precision parts requiring tolerances 
obtainable by other precision molding 
processes. For parts formed by less 
precise, conventional methods, per- 
formance can be improved through 
greater accuracy—and without prohibi- 
tive increase in cost. 


Quantity requirements involving 
500,000 or more parts annually are 


StON OF THE 


Quio RusseR COMPANY 
WiLLouGcusy, Guio 


EAGLE-PICHER 


AGRICULTURAL ENGINEERING * SEPTEMBER * 


recommended for most advantageous 
use of the new process. Since two simi- 
lar parts of different size can be pro- 
duced simultaneously by alternating 
the molds on the molding wheel, lower 
production runs which might not be 
economical can be combined with a 
separate order. 


Complete information on this revo- 
lutionary new process is available in 
bulletin form. Send for your free copy 
today. At the same time, be sure to 
inquire about Ohio Rubber’s complete 
component “Customeering” service — 
molding, extruding, and bonding-to- 


metal. Just mention ORCO Bulletin 715. 
9DEL 


COMPANY PICHER 


1959 
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To “take power , around corners” 
rely on the Keystone of Quality... 


Photos Photos 
Courtesy of Courtesy of 
KENWORTH REO 


...select BLOOD BROTHERS Jointed Steering Shafts 


On power steering assemblies for famous-make trucks, Blood Brothers 
Universal Joints “take power around corners” smoothly and dependably. 
They're widely used on manual steering assemblies too . . . for road-building 
and construction machines, farm tractors and self-propelled implements. 


When you need universal joints to “take power around corners’ — or 
provide for drive shaft flexibility — be sure to consult Rockwell-Standard. 
Our engineers will gladly assist you . . . and their experience may 
money on your project. 


ROCKWELL-STANDARD CORPORATION 


ROCKWELL 


7 aR Blood Brothers Universal Joints 


L6S, L6N 


“STANDARD , 
ALLEGAN, MICHIGAN ©) 1959, Rockwell-Standord Corp. 
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ake NEAPCO your Source 


DRIVE LINES 


SHIELDED DRIVE ASSEMBLIES. Top to bottom: 
Light Duty; Medium Duty; Heavy Duty. 


% 
q 


Light Duty, , 
standard length. | 7 


has a oa rr ere ee 


NEAPCO has expanded production 
to supply all of your requirements 
with improved service, faster deliveries. 


More efficient production facilities make possible cost savings 
which can benefit you on existing production Universal Joint 
and Drive Line applications. On new design developments, 
investigate the advantages Neapco can offer. Our engineering 
services are available to you. 


Neapco PTO Joints and Drives are rugged, precision built for 
most types of applications. They’re supplied with plain or needle 
bearing journal crosses in a wide variety of yoke combinations. 


Neapco PTO’s are standard, original equipment with many 
leading manufacturers. 


Write for free engineering literature or send your specifications. 


NEAPCO PRODUCTS, INC. 
POTTSTOWN, PA. 
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Idler Pulley 
Assemblies 


Hay Rake 
Bearings 


Plunger 
Rollers 


PIONEERING EXPERIENCE PAYS OFF 
FOR YOU...WHEN YOU USE BALL 
BEARING “PACKAGE UNITS” FROM ¥ “ 


You simplify production line installation and reduce 
manufacturing costs with “package units’ designed and 
produced by BCA—the company that conceived and developed the 
ball bearing “package unit’”’ idea. Bearing, housing and seal are 
combined in one rugged unit lubricated for life and sealed against 
water, dust and grit. BCA “‘package units” are available for a very 
wide range of applications including hay rake bearings, idler pulley 
assemblies, clutch bearings and plunger rollers. Count on BCA 
experience to provide ball bearing “‘package units’”’ that are right 
for you and your customers ... whether the application is unusual 
or routine. Bearings Company of America Division, Federal- 
Mogul-Bower Bearings, Inc., Lancaster, Pa. 


DIVISION OF 
Federcl-Mogul-Bower Becrings, Inc. 


COMPANY OF AMERICA 
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been proved in service by 31 
today’s vehicle manufacturers... 
including 9 of 13 make 


f heavy-duty trucks... 
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Vertahie* Ratio 
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Originated and developed by Ross 
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your inquiry! 


ROSS GEAR AND TOOL COMPANY, INC. - LAFAYETTE, INDIANA 
Gemmer Division + Detroit 
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R/M Poly-V’ Drive 


Delivers More Power in Less Space 


Unique features of R/M’s patented Poly-V* Drive reduce width of sheaves 
and eliminate belt matching problems for the newly designed peanut 
harvester shown above. Here’s why: 


R/M Poly-V* Drive employs a single, endless, parallel V-ribbed belt running 
on sheaves designed to mate precisely with the belt ribs. Flat belt strength 
and simplicity plus the high V-groove grip of V-belts add up to twice the 
tractive surface of ordinary multiple V-belts. Higher horsepower capacity 
of the single unit belt permits narrower sheaves... less shaft overhang, 
less drive weight. R/M Poly-V* Drive runs smoother because there’s no 
sinking of the belt in the sheave grooves. Poly-V belt speed ratio and belt 
position remain constant from no load to full load for uniform power delivery 
with less wear on belt and sheaves. Drive dependability is not limited to 
individual V-belt life—Poly-V practically eliminates machine downtime for 
belt replacement. Inventories are minimized because just two cross sections 
of Poly-V belt meet every heavy duty requirement. 


Equipment designers and manufacturers find Poly-V the ideal belt drive 

for heavy duty applications. Let R/M engineers assist you in determining 

the best installation to meet your needs. Contact an R/M representative 
. . or write for Bulletin M141. 


*Poly-V is a registered Raybestos-Manhattan trademark. 


POLY-V ELIMINATES 
“MATCHING” PROBLEMS 


IN THE FIELD 


The Poly-V Belt is a SINGLE 
UNIT across full width of 
sheave—NOT an assembly of 
SEVERAL V-BELTS. 


POLY-V 


WVVWVVVWV 


V-BELTS 


ait 6 a gee 8 wae 


POLY-V DELIVERS 
MORE POWER 


Poly-V increases the drive 
capacity 30% to 50% (more 
in many cases) in the same 
space as standard V-belt 
drives. 


NO OTHER belt drive delivers 
more power than Poly-V in 
the same space. 


BELTS * HOSE > ROLL COVERINGS + TANK LININGS + INDUSTRIAL RUBBER SPECIALTIES 


MANHATTAN RUBBER DIVISION — PASSAIC, NEW JERSEY 


RAYBESTOS-MANHATTAN, 


Other R/M products: Abrasive and Diamond Wheels * Brake Blocks and Linings * Clutch Facings * Asbestos Textiles * Mechanical 
Packings * Engineered Plastics * Sintered Metal Products * Industrial Adhesives * Laundry Pads and Covers * Bowling Balls 
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Bulk bins handle dry fertilizer easier 


Van Helmont planted his famous willow tree in 1635, in 200 pounds of dried soil 
.. . protected the whole thing from dust . . . and fed it only rainwater for five years. 
When he found the tree gained 165 pounds and the soil lost only two ounces, he 
decided that the only thing necessary for growth was water! He overlooked the 
importance of the air the tree “‘breathed” and the two ounces of soil lost. 


Today's farmers don’t overlook anything that can help them do a better job of 
farming. Take fertilizers for example. Farmers not only insist on the best 
fertilizer, but also on the best ways of handling it. Recently, United States 
Steel worked closely with equipment fabricators and fertilizer distributors to 
develop specially built fork truck-handled bins to move 1,000- to 4,000-pound 
batches of fertilizer from the distributor to the farmer without manual handling. 
This new method—bulk handling of dry fertilizer—will be used in many areas 
this year. If you want information on handling dry fertilizer in bulk, write to 
United States Steel, Agricultural Extension, 525 William Penn Place, Pittsburgh 
30, Pennsylvania. USS is a registered trademark 


ss) United States Steel 
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Honeywell electronic panel 
controls grain aeration 


AUTOMATICALLY 


i ym * 


i A a 


Red light: fan operating. Amber light: manual control. Green light: automatic. 


Honeywell's new grain storage Aeration Panel (right) provides switch for com- 
pletely automatic control or manual operation. 


Recent government research has shown that with proper aeration, H ll 
stored grain is completely safe from danger a pn mold and oneywe 
other types of spoilage. Honeywell now offers this panel to give 
you proper aeration, plus the convenience of centralized, com- Fit We Coitiel 
pletely automatic control of the aeration process. 

The Honeywell Aeration Panel eliminates difficult grain turning. 
It provides temperature and humidity limit controls to insure fan 
circulation of air through the grain only when proper outside con- 


PecccccccccesseseeCOUPONececccccccsccccees 


ditions exist. In addition to these easy-to-set temperature and a 

humidity controls, an accurate timing device provides a handy Minneapolis, Minnesota 

timed manual control period. Please send me your free brochure on Honeywell's new Grain 
With a Honeywell Aeration Panel, your grain will be stored in Aeration Panel. 

absolute safety. You'll be able to wait for top-dollar prices with- NAME 

out any worry of grain spoilage or loss due to rot or molding. 

Fill in this coupon and send today for a free brochure giving ADDRESS. = 

additional information. a -” kei 
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The cold formed stampings illustrated above are made from Great Lakes’ 
Steel Corporation’s GLX-W series of columbium steel. It clearly demonstrates 
the possibilities that are available to designing engineers. Here can be found 
high yield strength, with its possible weight reduction, good weldability and 
satisfactory impact properties. To be able to cold form these parts demonstrates 
the excellent properties to be had and points to possible production savings. 

Molybdenum Corporation, through its own basic research and in close cooper- 
ation with various steel companies, has pioneered in the application of columbium 
to flat-rolled steels. For technical assistance in adapting these steels to your 
production, consult direct with your steel supplier or address your communica- 
tion to MCA. No obligation, of course. 


| 


2 Gateway Center CORPORATION GF AMERICA Pittsburgh 22, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Sales Representatives: Brumley-Donaldson Co., Los Angeles, San Francisco 
Subsidiary: Cleveland-Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 
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Summary Report of the 


POWER AND MACHINERY DIVISION 


HE Power and Machinery Division is 

the largest technical division in the 

American Society of Agricultural Engi- 
neers, since nearly 50 percent of the mem- 
bers indicate that their major interest is in 
this field. As would be expected, a greater 
percentage of the members are in the North 
Central area of the United States than is the 
case with the other Society divisions, since 
most of the manufacturing is done in this 
area. 


Steering Committee 


The Steering Committee of the Division 
has the following major responsibilities: 

1 Collect and assemble program sug- 
gestions for use by the Division chairman 
in arranging programs for the two annual 
meetings. 

2 Elect from its membership a program 
vice-chairman who will normally advance to 
steering committee chairman, division vice- 
chairman and finally division chairman, each 
of these being subsequent one-year terms. 
This arrangement assures that the division 
chairman has adequate familiarity and ex- 
perience with division affairs and policies 
when he enters the office. 

3 Review division committee activities, 
suggest committee personnel and advise and 
assist the division chairman in forming new 
committees. 


The Steering Committee is composed of 
representatives from the various geograph- 
ical Sections of ASAE, the number of rep- 
resentatives from a given section varying 
somewhat according to the number of P & M 
preference members in that section. 

The present Steering Committee system 
was inaugurated in 1956 during the presi- 
dency of Wayne W. Worthington and it 
has been very effective in improving pro- 
gram quality and division activity. Last 
winter over 100 program suggestions were 
collected by Program Vice-Chairman Arnold 
B. Skromme. In view of this wealth of 
material, the Steering Committee suggested 
that a greater percentage of it be utilized 
by holding two concurrent Power and 
Machinery programs. This was successfully 
done at Cornell University during the 52nd 
Annual Meeting of ASAE in June and will 
also be done during the Winter Meeting at 


Editor's Note: In order to make better known 
the activities of the various divisions of ASAE 
the outgoing chairman of each division has 
been invited to submit a summary report cover- 
ing the division's accomplishments during his 
year as chairman. A summary report of the 
Soil and Water Division appeared in the 
August issue of AGRICULTURAL ENGINEERING. 


Chicago in December, reports H. F. Miller, 
1959-1960 Chairman of the Division. 

Professor K. K. Barnes of Iowa State 
College was chairman of the Steering Com- 
mittee during 1958-59. He advances to 
division vice-chairman this year and is being 
succeeded by Arnold B. Skromme, chief 
product engineer of the John Deere Spreader 
Works at East Moline, IIl. 


Technical Committee 


The Technical Committee has the respon- 
sibility for developing and recommending 
approval of various standards in the power 
and machinery field. During the past year 
it has approved a new standard for free-link 
three-point hitches. Currently, studies are 
being made of farm tractor controls, service 
recommendations for tractors and imple- 
ments, and V-belt drives. L. H. Hodges, 
works manager, Rockford Works, J. I. Case 
Company, is chairman of this committee. 
The membership is primarily composed of 
responsible engineers from the farm equip- 
ment industry and at least four public 
service representatives. 


Committee on Fertilizer Application 


Members of the Committee on Fertilizer 
Application are also ASAE representatives 
on the National Joint Committee on Fer- 
tilizer Application (ASA, ASHS, NCA, 
NPFI, FEI and ASAE cooperating). This 
committee, under the leadership of Walter 
C. Hulburt, AERD, ARS, USDA, hosted 
the National Joint Committee Meeting, held 
with the ASAE Annual Meeting at Cor- 
nell, and arranged a half-day fertilizer ses- 
sion on the power and machinery program. 

This committee has periodically conducted 
surveys of special fertilizer application ma- 
chines and devices for research and issued 
reports covering the survey, the last being 
published in 1956 by the National Plant 
Food Institute. 


Committee on Soil Compaction 


The Committee on Soil Compaction, un- 
der the leadership of Chairman T. W. Ed- 
minster of the Soil and Water Research 
Branch, USDA, was formed to exchange 
research information in this field and to 
point out areas needing additional research. 

It has developed “Definitions of Soil 
Conditions” and “Definitions of Tillage 
Operations and Equipment” in cooperation 
with the Soil Science Society of America. It 
has also reported the 1958 status of soil 
compaction research in the United States 
and Canada. The above material is pub- 
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C. B. RICHEY 


1958-59 Chairman, Power 
and Machinery Division 


lished in the 1958 Transactions of the 
ASAE. It has recently prepared an “Anno- 
tated Bibliography on Soil Compaction” 
which has been published earlier this year 
and is available from ASAE headquarters. 

This committee also arranged 1 half-day 
program for the ASAE 1959 Annual Meet- 
ing dealing with various phases of soil 
compaction. 


Committee on Agricultural 
Chemical Application 


The Committee on Agricultural Chemical 
Applications was formed in 1958 to ex- 
change and disseminate information in this 
rapidly growing and changing field. It is 
composed of public service representatives 
who are engaged in research or other work 
involving agricultural chemicals and repre- 
sentatives of chemical concerns and con- 
cerns making chemical application equipment. 
It includes much of the interest, activity, 
and membership of the former Committee 
on Agricultural Aviation. 

The committee arranged a half-day ses- 
sion dealing with the agricultural chemical 
field for the 1958 Winter Meeting and will 
have this responsibility again this December. 

Under the leadership of Chairman Mer- 
rill Adams of the Shell Development Corp., 
Modesto, Calif., and Secrets*y Clarence 
Hansen of Michigan State University, the 
committee has stimulated interest and activ- 
ity in a field of increasing importance to 
agriculture and agricultural engineers. 


Committee on Hay Pelleting 


The Committee on Hay Pelleting was 
formed in 1958 to exchange information on 
field hay pelleting problems, point out areas 
of needed research and to develop needed 
standards, such as for determining hay pel- 
let characteristics. It is composed primarily 
of public service representatives engaged in 
pelleting research and industry representa- 
tives engaged in development of field hay 
pelleters. Professor H. D. Bruhn of the Uni- 
versity of Wisconsin, a pioneer in this field, 
is chairman. (Continued on page 558) 
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Effect of Tractor Operation 
on Human Stresses 


Heinrich Dupuis 


(Translated from the German by Hans W. Sack, 
Member, ASAE) 


The basic relationships of operator, seating, and con- 


trols and their importance to automotive designers 


of physical and mental performance (stresses) 

upon the operator. If the operator's controls are 
not properly adapted to his anatomy, the performance 
demanded of him may quickly reach and even exceed the 
limits of tolerance. As a result of excessive stress, pre- 
mature fatigue and impaired health, the possibility of acci- 
dents will increase. Such human stress will increase with 
the higher speeds of today’s vehicles, and even more so in 
the case of agricultural tractors considering the additional 
effort required for operating mounted implements. There- 
fore, great emphasis must necessarily be placed on adapting 
the operating controls to the physical needs of the human 
operator. The optimal design, considering the operating 
control layout, 7.e., of seat and controls, may be achieved 


Or a motor vehicle imposes definite levels 


Fig. 1 Energy output of tractor operator operating three different 


types of tractors at different farm jobs 


Paper presented at the winter meeting of the American Society 
of Agricultural Engineers at Chicago, Ill., December, 1957, on a 
program on the theme, “Ergonomics in Farm Equipment Opera- 
tion,” arranged by the Power and Machinery Division. Contributed 
as a report from the Institute fiir Landwirtschaftliche Arbeits- 
wissenschaft und Landtechnik of the Max Planck Society for the 
Advancement of Science, Bad Kreutznach, and the Max Planck In- 
stitute fiir Arbeitsphysiologie, Dortmond, German Federal Republic. 
Published by permission of the copyright owner, Franckh’sche 
Verlagshandlung, Stuttgart, German Federal Republic. 


The author — HEINRICH DupUIS — is associated with the Max 
Planck Institute for Farm Work and Agricultural Engineering, 
German Federal Repubtic. 
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only if the physiological and psychological prerequisites 
are known and have been harmoniously integrated with 
other technical features of the design. 


Total Strain on Operator 


In order that the factors contributing to the stress im- 
posed upon a tractor operator may be analyzed, as is done 
in the latter part of this paper, the nature and extent of 
these stresses must first be examined. Subsequently, the 
investigation proceeds to determine the design factors which 
result in increased operator comfort. Although human 
stress was measured with operators of farm tractors as 
subjects, the investigation of details, such as foot pedals 
and hand levers, can be equally applied to all motor vehicles. 


When driving the tractor, the only measurements which 
could be taken were physiological. Measurements of stress 
on the nervous system were taken in the laboratory with 
test subjects. Physical stress was measured by the respiration 
and the heart-beat methods. The first method evaluates 
quite exactly the amount of physical labor, that is, the 
energy output of the human subject in terms of work 
(kilocalories) per minute. The frequency of the heart beat 
(pulse) is a measure for evaluating uncomfortable static 
muscle load, greater body tension, and the resulting physical 
fatigue. 

Figs. 1 and 2 show the results of respiration measure- 
ments of tractor operators when operating different types 
of tractors at several farm jobs, in comparison with other 
occupations. Fig. 1 indicates that, in spite of the sitting 
position of the tractor operator, which leads to the general 
opinion that operating a tractor is an easy job, the energy 
consumption in some phases is high. Harrowing, which 
requires the operator to use only the steering wheel, im- 
poses a physical stress, as measured in calories, equivalent 
to that of driving a passenger car. This is shown in Fig. 2. 
On the other hand, there is great nervous stress. 

All other tractor jobs were found to be more severe on 
the operator. Operating a tractor with a front-mounted 
loader, when judged by calorie consumption, is very heavy 
work, which approaches the permissible limit of human 
performance. Surprisingly enough, cutting logs and carry- 
ing sacks are no more strenuous. Additional proof of these 
statements are the measurements taken of the heart rate 
at these jobs. 

In Fig. 3, the respective curves show that, when per- 
forming this work, the pulse increases to a point higher 
than 120 beats per minute. This fact can be explained by 
both the energy output required of the tractor operator and 
the extraordinary tension on the entire human body. All 
muscles are under a constant stress, or “‘preload,” resulting 
from the repetitious operation of the many tractor and 
loader controls which leads to highly fatiguing static muscle 


AGRICULTURAL ENGINEERING * SEPTEMBER * 1959 


Pace eo co te Ct leon 


eather ae ae 
GES a ie a ash ak al 
pe ee con ee OO | 
pve ts Sets tae ae ee Cre ee A 
RON oe EN ee aS see 
pare piece i a7 ys a Pee 
Poe mee an 4) 
Meee Tee's °° ‘ cheery) tt 
Ai ae roma Ls 2. ee Wr Be ss 
Sie ee os Re 0) eee oe 
ATi caiiciatettin . 
Ot ee ‘a _ 
beth haat re i 
Sonam shies 
Bs, meer 
er Me We Ae 
Coomera) (| aatarcaa 
ees PES Set 
Diyas oe ee 
deeds coals 
Paes yc isch 
Tales Se ea ee 
peeeNiges i ae 
(ne al Pot 
Sag ai oe 
gers pes: 
pee ee Si 
om ate Oitae 
ae ; Pale 
Se ahd ne 
7 SRO ea oie 
sen a ey 
pee ot eae Be 
Pie ol ee Bere i, 
er le ae epee 
wean Nae 
NS et Wits 
a a i sy 
ie a 
are BS 
Stor : ‘pies 
5 ‘ee ae 
a ee 
aye, ie Ps ear 
er RS pe eas 
sper =< Sern a 
= ee 
aa ee ) 
Tae hae 0 
a Ga 
Ty ae ca er 
Bis ae ot a 
44 aie | 4 —_— 
ae aoake uo i. : 
ae ae 
aaa pes 
| a = ee 
Pir. 3) Ss 
‘| Sacaeiag ae 
ute: gees 
EE fie 
2 een ss cian 
a mye ie aitiEas 
ree cir see 
ee a wie Pesce a 
afi ae ae ee 
Meck oe pees 
me re MS eS 
=] 3 ty Farce 
ats ia 
eels ee ies 
ee, ae 
ers Lan 
wien. he ee 
ia aE 
ties iG BAe cape 
Sa? a ae 
Sefer Ree. 
ek 72d OP ic 
re ong he vs 
= roe re <0 
nee pa Roe 
7S See a B c bes 
Se ; Y Y oy 
Ce af = eet 
fee Y Y Y ee 
Bets caer’ sheers 
erry Eee 
bok sad be os B one 
meets 6 Roy yy, eo 
es W, Vs, Yj Y WY Y 4 
AP E> eons 5 
“a a Xa ty 1, Z2 Y i ; 
Cie aie HARROWING Zi Fie at 
poe Osc nt PULL TPL HARROW ys /, Ea ai 
fe N coal | ie 
ee 7 | pin Tree Y Ws: 
Ralieet t Jtbaoes ie 
ei ee. Ae 
eas ae Uy ey 32 
- Sah: ae “aa cD) 
mab th hoa \ eae? 
nbn sos Ye Ber 
i ee 8B A Y Me 
Peet 5 AY a 
ate ee ies 
Sa A 8 Cc GY Y ae 
‘Sepa a i 
pales Nie YY Y ee 
bees) oi an Y y Y ae 
ae tee Ww fo 
Cae ee oe eae Y Y Y Y Y Se 
Bet seat 3 Y Y/) Y aes 
{eee EAS 
eae air Seay: 
uey eh ee 
aaah ‘ UG YY GY Y Y } ae 
ae Z AY RP 
2 ae Oud ano 1(49 Taansron! LAA RES 
ys ee - PLOWING wil HmTEG J Rae 
Resa «Se w= ta Paget once wom oes 
eae ae a 
ie Fe ae 
Rae Beha ae eae 
Sh a Bet pice eae ais 
eS ace ee chee me om geet (ecerrceurerecns 8 
eke Same ee ROERACEORS C98 O88 . 
maya 2 kan ak ace oe Tk ee algae Be 
ie siete 3 2 { CeGit wile 1 ORF 20NtAL CrLiNOER (20 © : my 
btn ete . _ 
eae * 
tee a | 
eae sei es. 
Cook Rp a oe eee 
we «Lee 
ee ee noe 
EE ne Rieu 
Wf a) oR 
BS Tae Thee 
te ee a 
Vas Lh ‘ee 
af ae. i. Ry 
od ce ‘ ar 
Se ae x aes 
> Waren a f a 
Eat Hohe: rye ee 
Be ate ges ; 
Shek ee 3 lets 
ee re ar Sa 
Bae TU een ar. 
Das crear. ot 
e pa ee inate 
‘eas ere ie 
Bs Ts lead Bee 
sr oS ae 
Je aie = Piet 
Cie Sag eer) 
Me, Tae aie 
i heen Bes: 
shee. Pees ces 
re Banga Fae 
5 ee fea 
Leer a 
MEI fe eT egy a Bs 
was lo ae a ea Naess esate 7; ree ee ees Ba caer = aaa, 
eo ee ee eee ae oe bi 
ete Teens eee a eae Bay Gi es mane) D Bete Gino ernie Bee ee oe te eee ’ me 
sat gS py te eee (a es emai, eee Sean ae pei Oe ee ll ; : vee 
tian 1G Mae ee me ce ey < mnne Bee Bin re Teg | ESE es 2 eS : elf 
tS uae ES Re ae Se ESS pore, ea aes Ailing 2p AM ms 
ter tee “4 see ae ee Dee ‘ a nee “ier is pita ose Sra ‘y 
porrciae mee y ‘ Bier a cle cr. shat i. a ie, Sa Rout Takis ee ane oe os 
Sha icy a a SENN ents >= pgs ee: BE aa i ee: ere ee Payee: 
Pirie pose ty ; Br eae eae = Peete : ee 
ses aa | - a ag 
wees ¢ pee tetas ae cl renee a a 
Sas Saher La —— 
BRO aces | aie 
er ae 
= 


HARROWING TRANSPORT PLOW, 


en wh Fh 


OesKcT weaver eon mance CARPENTER 


Fig. 2(a) Severity of operating a tractor compared with 
other occupations 


strain. This is by no means surprising when it is realized 
that in one hour, the operator was required te shift gears 
and operate the clutch 230 times, operate the brake 100 
times and the hydraulic control of the front-mounted 
loader 250 times. The physical strain upon operators of 
bulldozers and other earthmoving and construction equip- 
ment will be approximately as great. 

Such an example shows the imperative need of making 
operation easier and less strenuous, with an increased meas- 
ure of comfort, and thereby reduce the hazards deriving 
from operator fatigue. Furthermore, it is enlightening to 
discuss the fact, as shown in Fig. 1, that different types of 
tractors operating under otherwise identical conditions, that 
is, same type of farm work, same travel speeds, same driver, 
etc., impose greatly differing degrees of stress upon the 
operator. For instance, harrowing with the tractor desig- 
nated Model C, which is one of three tractors used in these 
tests, is 50 percent more severe than the same job under- 
taken with Model A. The findings are similar for other 
farm tractor jobs. In all fairness, the operator of Model C 
tractor should be paid more to compensate for the higher 
stresses to which he is subjected. Any purchaser who has 
driven several different types of tractors will probably select 
the one which he finds easiest to operate. 

The reasons for the differences in the total stress on 
the tractor operator are discussed in the sections of this 
paper dealing with locations of controls, body position and 
seating. 


Location of Controls and Forces 

Necessary for Operation 

Foot Brakes. In all of the tractors studied, the brakes, 
operated by foot pedal, served also as steering brakes, and 
frequently as a substitute for a differential lock. The first 
requirement for accident prevention is that brakes operate 
quickly and easily, that their operation requires no con- 
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FIELD TRANSPORT DRIVING 


STANDARD OPERATOR 'S 
PLATFORM ARRANGEMENT 


Fig. 2(b) Efficient arrangement of operator platform for 
easier work 


scious selection on the part of the tractor operator, and that 
high deceleration results from relatively light pedal pres- 
sure. As to the second requirement, /.¢., serving as steering 
brakes, it is important that operating forces be kept small, 
since usually one drivewheel must be completely held 
against turning, and under many field conditions, steering 
brakes are used frequently. 

The greatest convenience to the operator results from 
locating the brake pedals directly in front of the normal 
foot position. (In accordance with the generally accepted 
practice in the operation of motor vehicles, tractor brake 
pedals are usually operated with the right foot.) When 
judged in terms with the most effective application of force, 
the position of the brake pedals must follow well-known 
mechanical laws. In the force diagram shown in Fig. 4, 
it will be seen that, if the axis of rotation of the brake pedal 
does not lie along the axis of the operator's body, there 
will be a wasted component, p», of the operating force, p, 
which increases with the distance between the brake pedal 
and the symmetrical plane of the operator's body. Con- 


——_— TIME 


——— PULSE NUMBER OF /HIN 


TEST IWOIVIOQUAL 


(gy me) 

PERFORMANCE PULSE INDEX: 2,66 

AVERAGE WORKING PULSE RATE: 11S/MIN 

AVERAGE WORKING PULSE RATE DIFFERENCE 
wosmin 


WORKING PULSE 


PULSE RESTING LYING DOWN AFTER WORK 


REST PULSE LYING DOWN 


Fig. 3 Pulse rate of tractor operator operating a front-mounted 
manure loader 
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Fig. 4 Reduction in pedal thrust resulting 
from unfavorable location (determined 
geometrically) 


sidered physiologically, pushing one leg or foot sidewise 
against a heavy resistance is very unfavorable. 

As a result of thorough investigation, the most suitable 
pedal position, in relation to the symmetrical plane of the 
operator's body, was carefully and exactly determined 
dimensionally (1)*. The force necessary to operate the 
brake is strongly influenced by the difference in height be- 
tween the pedal and the seat, as well as the distance from 
the pedal to the backrest. This was thoroughly investigated 
in 1936 by E. A. Miiller (8) in connection with the oper- 
ation of a horse-drawn grass mower, as shown in Fig. 5, 
and by Rauh (9) in 1937. The results of both investiga- 
tions show that the available operating force decreases as 
the pedal is lowered with respect to the operator’s seat. In 
an extremely low position, the force is equal only to the 
weight of the operator's leg, since there is no additional 
backing. As in the case with all forces applied to parts of 
the human body, any pressure transmitted through the leg 
has to be “backed up” somewhere. Usually this is accom- 


*Numbers in parentheses refer to the appended references. 


Fig. 6 (Left) Usual pedal location with unfavorable 
direction of thrust and leg position. (Right) Favorable 
direction of thrust but with knee bent too sharply 
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Fig. 5 Relationship of maximum pedal thrust to height of 
seat above pedal 


plished with a backrest to the seat equalling the height of 
the pelvis. ‘‘Backing-up” forces applied by the operator's 
foot with a backrest striking him above the top of the pelvis 
are difficult and exhausting, since the spine has to be held 
rigid in order to effect proper backing. From the point of 
view of foot-pedal operation, it is sufficient to have a back- 
rest approximately 9 in. high above the seat, which ex- 
tends upward approximately to the third vertebra. 

Rauh, therefore, proposes an improved position for the 
foot pedal of grass mowers, as shown in Fig. 6. This 
compares with a previous design as shown in Fig. 6 (left), 
which, in light of today’s knowledge, is still physiologically 
unfavorable, as the knee angle is too great. As most 
tractor operators sit upright, foot pedals should not be 
located at the same height as the seat, otherwise their 
operation results in severe tension in the tendons and liga- 
ments surrounding the hip joints. It is much better to 
locate the pedal in such a way that their operating force is 
directed downward at a slight angle. Such conditions can 
be obtained by placing the pedal from 314 to 6% in. below 
the surface of the seat, and (for a person approximately 
5 ft 8 in. tall) approximately 37 in. forward of the back- 
rest, as shown in Fig. 11. 

According to Miiller’s investigation (8), it is necessary 
that the distance between the backrest and the pedal be such 
that the leg angles slightly at the knee. Between this posi- 
tion and the one in which the leg is stretched out com- 
pletely (knee straight), there should be a distance of 3% 
to 4 in. Were the leg bent further, the maximum possible 
force which can be exerted by the operator will be reduced 
and the leg subjected to fatigue. Operating forces applied 
against the brake were measured on three different tractors, 
and clearly show the importance of locating the pedals in 
what is physiologically the most favorable position. The 
vehicles so tested were not new, but had been in service for 
a considerable time. The brakes of these vehicles had been 
given the usual maintenance care. 
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The pedal-operating forces were measured and decelera- 
tion determined by means of a Siemens decelerometer. The 
tractor speed before braking was measured in accordance 
with the German industrial standard (DIN) No. 9605, 
proposed by Dr. R. Franke and Dipl. Ing. Arthur Kliefoth, 
both of the Marburg (official) tractor testing station. Tests 
were conducted on the same level, dry, blacktop runway. 
As an interesting sidelight, similar brake tests were con- 
ducted with passenger cars and motor trucks. Some of the 
values so determined are shown in Table 1. (Data pertain- 
ing to only a few tractors, a single small panel truck and a 
5-ton truck are included.) 


Foot-pedal forces ranging from 175 to 220 lbs, which 
have been found necessary in some instances for operating 
tractor brakes, must be regarded as much too high. From 
the physiological viewpoint, no human being should regu- 
larly be subjected to forces greater than 77 lb, with max- 
imum values not in excess of 88 lb, with the brake pedal 
properly located. Only in cases of emergency, when the 
deceleration must be much greater than the values shown, 
should the force applied against the brake pedal be higher. 
No pedal force greater than 77 lb should be necessary to 
provide the mean legal deceleration for motor vehicles, 
which is 5 ft per second per second for tractors having a 
top speed less than 124% mph, and 845 ft per second per 
second for motor vehicles with a top speed exceeding 1214 
mph. Decelerations listed in Table 1 are maximum values. 
Mean deceleration values are consequently lower. 


The two trucks required foot-pedal pressures below the 
stated limits to secure sufficient deceleration. This means 
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Fig. 7 Improved brake operation resulting from changed 
leverage and more suitable brake lining 


There are many different reasons why tractor brakes are 
inadequate. Undoubtedly hydraulic or pneumatic brakes. 
are easier to operate, since force transmission from the 
pedals to the brakes is usually more effective or the operat- 
ing force is derived from engine power. Pneumatic brakes 
could well gain importance for farm tractor use, since the 
air compressor could be used for the operation of a pneu- 
matic power lift as well as inflating tires. 

It is frequently found that poor brake operation results 
from inadequate maintenance. In many instances, there is 
room for great improvement in the operation of mechanical 
brakes. On some tractors the dimensions of the brake 
drums are inadequate. Again, the friction material used in 
the brakes is of inferior quality, or the leverage system is 
unfavorable. The action of the brakes of one tractor model 
was greatly improved by changing the leverage and using 
a different friction material, as shown in Fig. 7. As a 
result of these modifications, the pedal pressure necessary 

for operating the brakes, to 


TABLE 1. BRAKE PEDAL FORCES AND RESULTING VEHICLE DECELERATION afford the necessary decelera- 
— tion, was reduced 50 percent, 
a Poe al i from 110 to 55 lb. This re- 
Vehicle km/hr meters /s0c/sve ” duced the necessary pedal 
Tractor “A” — 28 hp 19.3 1.75 183 force below the physiologically 
Tractor “B” — 12 hp 17.7 2.58 218 permissible limit of 77 lb. 
Tractor “C’’ — 20 hp 20.0 1.66 229 However, if the brake pedals 
Panel Truck (hydraulic brakes) 42.0 3.00 44 are improperly located with 
Truck—145 hp (pneumatic-hydraulic brakes) 40.0 3.30 70 respect to the physiological 
requirements of the tractor 
TABLE 2. CLUTCH-PEDAL OPERATING FORCES operator, such improvements 
Measured Average are useless. The above con- 
Vehicle > —- values, Ib siderations are discussed in far 
Tractor “D"” — 12 hp Plowing 44 greater detail in reference (1). 
Tractor ‘“H’’ — 20 hp Loading beet tops 70 Clutch. A tractor clutch is 
Tractor “A” — 28 hp ae Soenpeet c operated even more frequently 
ae 88 
Tractor “K" — 38 hp : ceeing than are the brakes. The force 
Tractor ““C”’ — 20 hp (Data taken applying i for th ti f 
parking brakes on trans. countershaft) Loading beets 103 aay a ee eee 
Tractor “G” — 12 hp Road transport 29-88 59 the clutch pedal is usually 
Passenger car — 25 hp Road driving 35-59 44 smaller than that required for 
Bus — 90 hp Road driving 88-128 110 the brake pedals (Table 2), 


that, when applying brakes, the drivers of these vehicles 
are subjected to less strain than are tractor drivers under 
the same condition. This is significant when one considers 
that on many farms, tractors are frequently operated by 
women and children. Under certain conditions, such oper- 
ators (women and children) are unable to stop the tractor 
fast enough, especially when pulling a trailer with poor 
brakes. First and foremost, women and children should 
never be subjected to excessive physical strains. 
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but since the clutch is used 
much more frequently, it is just as important that the best 
location for the clutch pedal be considered. It should be 
located in a position symmetrical with the brake pedal, with 
the center axis of the driver serving as the symmetrical axis 
for both. 

Clutch-operating forces were measured on several trac- 
tors at several different farm jobs and with different oper- 
ators. The force applied by the operator against the pedal 
was measured using a hydraulic measuring device. Tests 
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were made on a farm near Bad Kreuznach, under usual 
farm conditions. It was found that, where measured under 
actual farm conditions, the values differ from those deter- 
mined at the Marburg tractor testing station. At Marburg, 
the forces measured were those necessary only for dis- 
engaging the clutch, while under the field-test conditions 
described here, the actual forces exerted by the operator 
were measured. For purposes of comparison, the forces 
necessary to operate the clutches of a passenger car and a 
bus were also measured. Table 2 shows some of the data 
so determined, from which the following results may 
be drawn: 

(a) Table 2 shows that the clutch-operating force is 
lower than the brake-operating force. Operating forces for 
smaller and medium-size tractors, as well as passenger cars, 
are below the physiologically allowable average limit of 
77 lb. On tractors with brakes such as parking brakes, 
acting on a transmission shaft or power line, and on the 
bus, the required clutch operating forces exceed the physio- 
logical permissible limit. 

(b) Clutch-operating forces increase with increasing 
engine power and decreasing engine speed. This is the 
reason why tractors K and C, having engine speeds of 300 
to 700 rpm, require the greatest clutch-operating force. 
These tractors also have a transmission brake connected 
with the clutch pedal, which stops the motion of the gears 
when disengaging the clutch. 

(c) The individual data, which were measured on three 
vehicles only, show that the same driver on the same 
vehicle, from time to time, applies differing forces to the 
clutch pedal. This is an amazing fact, particularly since 
the force required to disengage the clutch remains con- 
stant. The reason for this is that when the driver does not 
feel the point at which the clutch disengages, he either 
pushes the pedal further than necessary, which means he 
has to overcome an increasing spring force or just pushes 
the pedal against the stop. It can, therefore, be understood 
why the forces, as measured in these tests, are greater than 
those measured at the Marburg tractor test station. 

From the foregoing, it will be seen that it is necessary 
to indicate in some manner the point at which the clutch is 
disengaged. The operator then feels when the clutch dis- 
engages and does not push the clutch pedal further than is 
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Fig. 9 Four phases of motion during clutch operation 
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Fig. 8 Pedal-force curve of a Belleville clutch 


necessary, which, in turn, reduces the strain to which he 
subjects himself. 

One way to accomplish this lies in changing the rela- 
tionship of the operator's force against the pedal to foot- 
pedal displacement. The human being reacts unconsciously 
to changes in resistance. Laboratory tests (1) indicated that 
a man can detect a 15 percent drop in resistance and acts 
with an interruption of the foot motion. The clutches used 
on Opel-Olympis-Rekord and Opel-Kapitin (German-built 
General Motors) motor cars are equipped with Belleville 
springs. The clutches on both cars are acknowledged by 
car drivers to be comfortable. It is important to have a 
steady decrease in pedal force (Fig. 8) in order to prevent 
any sudden motion of both the foot and the pedal. The 
magnitude of the operating force determines the degree of 
decrease in force for the succeeding % in. of pedal motion, 
starting at the point of clutch disengagement. An addi- 
tional means of possibly limiting the pedal motion, and 
with it all unnecessary operating forces on the part of the 
driver, lies in the design of the foot rest for the driver's 
feet (Fig. 9). The upward sloping foot rest limits the 
pedal motion in such a manner that the heel of the opera- 
tor’s shoe stops against the foot rest, and any further mo- 
tion is thereby prevented. This form of foot rest has been 
found to be very comfortable for the driver, even when no 
pedal is operated. It has proven itself to be highly 
advantageous. 

Accelerator Pedal (Foot Feed). Control of engine speed 
by means of a foot throttle is easier than by a hand- 
operated throttle. This is especially the case, since the 
hands are required for steering, shifting gears, operation of 
hydraulic controls and engaging the parking brake. The 
ankle joint is particularly suited to sense 
a position and maintain close regula- 
tion. It was found by analysis of 
theoretical conditions, and verified by 
tests (1), that a motion represented by 
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Fig. 10 Forces acting on operator's foot, 
for calculating return forces for throttle 
pedal 
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a 20-deg movement of the ankle affords a sufficient degree 
of accuracy. This is equivalent to a motion at the toe of 
the foot of approximately 1%6 in. Numerous vehicles re- 
quire a far greater pedal motion, which in extreme cases, 
reaches a value of 5% in. Extreme pedal movement, such 
as this, requires excessive bending and stretching of the calf 
and shin muscles, which are both very uncomfortable to the 
operator. In addition to the magnitude of pedal motion, 
the force necessary to operate the pedal is of great signif- 
icance to accurate regulation of engine speed. If the pedal 
pressure is too high, the energy required to continually 
operate the pedal is excessive. On the other hand, if the 
pedal pressure is too low, then the exhausting static muscle 
drain will be very uncomfortable, since the weight of the 
foot must be supported by the leg muscle. 

Considering the anatomical conditions involved, the 
minimum pedal reaction may be calculated, considering 
the pressure applied by the toe of the foot. Taking the 
angle of the sole of the foot with the axis of the leg at 80 
deg, the following formula may be derived from Fig. 10: 


_ (Grd) +(Pe) 
f 

where G;=weight of the foot (3.21 Ib) 

F'-=force acting at the ankle joint in the direction 
of the shin bone, when the shin bone is at an 
angle of 123 deg with respect to the thigh bone 

=17.16 Ib (11) 


R 


D=3.62 in 
e= 2.53 in 
f=7.87 in 


Considering the increased tension of the calf muscles 
when the foot is so positioned that the toes are lifted free 
from the foot rest, the spring force of the foot-throttle- 
control pedal, acting against the foot, should be in the order 
of 7% lb, in order to support the foot sufficiently to relieve 
unnecessary tension in the tendons. The theoretical value 
so determined coincides closely with values established in 
actual tests. 

Furthermore, it is important that the foot pedal move in 
such a direction that the vibrations induced by driving over 


Fig. 11 Physiologically favorable position of upper body and 
arms when handling tractor steering wheel 
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obstacles will not cause the foot and pedal to shake and 
vibrate. Otherwise the engine speed will not remain steady. 
This can be almost completely prevented by allowing the 
heel of the foot to rest on a steady support. (Fig. 9, 
phase IV). 

Steering Wheel. The steering wheel serves two pur- 
poses: (1) to transmit steering forces and (2) to support 
the body of the operator, to the extent that it cannot be 
supported by the back rest of the seat due to excessive vibra- 
tion. The steering wheel should not be too far in front of 
the driver. It is well known that tall individuals, after 
having driven a passenger car over a long distance, seated 
in a rearwardly reclining position, assume a more vertical 
position as they encounter city traffic and may even adjust 
the back rest in order that they may sit closer to the steering 
wheel. With each elbow at the angle of about 90 deg, it 
is easier to turn the steering wheel through a larger angle or 
to push harder on the steering wheel rim should it suddenly 
become necessary. This is particularly true with respect to a 
tractor operator. Fig. 11 shows the physiologically favor- 
able position of body and arms. 

The position of the steering wheel with respect to the 
operator has a determining influence on the possible steering 
forces, speed of steering, energy requirement when steering, 
and the operator's comfort. Laboratory tests show that the 
highest possible steering forces can be obtained with the 
steering wheel in a horizontal plane, as is often found in 
buses and small panel trucks. In spite of this, this steering 
wheel position is not suited for the operators of tractors 
and passenger cars, as the hands are not in a physiologically 
favorable position with respect to the arms, /.e., the hand 
is always at a sharp angle with respect to the arms. 

Steering forces on tractors are generally below the allow- 
able limit of 33 lb. The actual angular movement of the 
steering wheel and the forces exerted by the operator were 
measured with oscillograph equipment for different farm 
jobs and with a test model, for studying how they were 
influenced by road conditions, amount of steering-wheel 
movement, type of steering linkage and speed. Time 
markers were recorded on the same oscillograph trace. 
Typical samples of the oscillograph are shown in Figs. 12 
and 13. Further force and steering angle diagrams may be 
found in reference (1). 

In Fig. 12, for straight-ahead driving only, a on the left 
side shows the steering force to angle curves when plow- 
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Fig. 12 Steering force and hand-wheel movement during field 
operation 
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Fig. 13. Steering force and hand-wheel movement during 
transport and field operation 
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ing. The steering angle is held nearly constant, as the left 
front wheel is guided in the plow furrow. The forces are 
very small, remaining at all times below 4.4 lb. Somewhat 
higher steering forces are required when cultivating the 
centers of potato rows. When harrowing on loose, plowed 
ground, the steering forces show peaks above 11 lb as 
shown on the right side of Fig. 12. These values prove to 
be true even on different soils. It was always found that 
loose soils require greater steering forces. 

Diagrams shown in Fig. 13 apply to driving around 
curves. The strip d along the left side shows that the trac- 
tor was first driven along a straight road, which later turns 
to the left. The steering wheel was finally turned to the left 
for 1% revolutions. As a result, the steering forces increased 
up to 26 lb and return to their original values as the wheel 
is turned back, since the steering mechanism is inherently 
self-righting. The initial forces have values of 2% to 3% lb 
when turning to the left, since the tractor was driven on the 
right side of a road which was slightly convex. As a result, 
the tractor had to be constantly directed towards the middle 
of the road. 

When turning the tractor pulling a harrow at the end of 
the field, the force applied by the operator at the rim of the 
steering wheel became so great that the pen of the oscillo- 
gtaph moved beyond the margin of the strip, indicating 
tangential steering-wheel forces greater than 30 lb. It is 
interesting to note that the forces go to the right when the 
steering wheel is turned to the extreme left. The reason for 
this is that when the front wheels are turned sharply, they 
tend to slide over the loose soil and introduce reverse forces. 
Turning the tractor with a plow (f), on the right side of 
Fig. 13, traveling over a hard dirt road, requires forces of 
small magnitude to the left. 

Further tests showed that especially when working with 
a front mounted loader, the allowable limits of 33 Ib is 
very frequently exceeded, because of the added weight on 
the front axle, sharp turning of the front wheels and side 
slopes. This fact establishes a reason for the great physical 
strain on the driver when operating with front end loaders. 
It is, therefore, necessary to pay special attention to steering 
wheel position and steering gear ratio on tractors which are 
frequently operated with front-mounted loaders or on side 
slopes. 
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Hand-Operated Controls. All hand controls are dis- 
tinguished by their frequency of operation and the magni- 
tude of operating forces. Field tests revealed that the gear- 
shift lever and the hydraulic controls are used most fre- 
quently. Hand brakes, differential lock, and PTO-engaging 
lever are not used as frequently. The force necessary to en- 
gage hand parking brakes amounted to 22 to 88 lb, and are 
necessarily regarded as high, as in this case, the same per- 
missible limit of 33 lb should be valid. It has also been 
found that the hand-operating lifting lever for integral 
implements frequently required for its operation forces 
greater than the permissible limit. Hydraulic or pneumatic 
power lifts save much labor and strain, since in their opera- 
tion, the tractor engine provides the necessary power and 
the operator’s hand exerts only controlling functions. 


Shifting transmission gears does not introduce great 
strain, so long as the gear-shift lever can be reached without 
requiring the tractor driver to bend down. This was proven 
by many tests (1). Likewise, PTO shifting and operating 
the differential lock—the latter only insofar as it is manually 
operated—both require only small forces for their operation. 

It is important that frequently operated hydraulic con- 
trols and gear-shift levers be located close to the steering 
wheel, in order to minimize and reduce the time for hand 
movements and prevent excessive movements to the body, 
as in all such functions energy is consumed. It is recom- 
mended that the gear-shift lever be located on the right side, 
since this is the usual location in automobiles. It is not 
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Fig. 14 Relationship of maximum pulling force and locataion 
of control handle 
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practical to have one or both gear-shift levers directly be- 
low the steering wheel and between the legs of the operator, 
because in this position, they are hard to reach and inter- 
fere with the operator when mounting or dismounting 
from the tractor. The hydraulic control lever may be either 
to the right or left of the steering wheel. 

It would be highly advantageous to position the tractor 
gear-shift lever on the steering column below the steering 
wheel, as is customary in many automobiles. 

The location of levers requiring considerable force for 
their operation, such as the lifting lever for center-mounted 
cutter bars, parking brake, or the trip lever controlling a 
front-mounted loader, have to be chosen according to the 
best position for the operator who is exerting the operating 
force. Any lever as high as the upper portion of the tractor 
operator's body is held by him with the elbows more or less 
bent. In this position, he can exert only small forces (Fig. 
14). On the other hand, a seated driver with his arm 
fully extended can exert rather large forces. This means 
that such levers should be located close to the perimeter of 
the space which may be conveniently reached by the op- 
erator’s hand (Fig. 11). It is clear that it is advantageous 
to locate these levers at the approximate height of the 
steering wheel, in order to minimize the movement of the 
hand, save time and reduce the energy required for their 
operation. 


Adjusting the Controls to Operator’s Body Size 

There is a difference in human beings, not only as to 
work output, but in anatomical dimensions. It is self- 
evident that any seat and control arrangement cannot fit the 
farmer and his 16-year-old son equally well. Therefore, it 
is necessary to provide adjustments for both seat and controls 
to accommodate different body dimensions in order to 
accommodate individuals of differing size. 

It is a wise provision of nature that the dimensions of 
the limbs of a grown person are always in relation to the 
size of that person. (These relations are fully discussed in 
“Heft, 14 Landtechnik 1954, page 388.’’) Even to this rule, 
as to all others, there are frequent exceptions. Were one 
to examine a group of individuals ranging from 62 to 74 in. 
tall, the average height of tractor drivers will be found to 
be included within a well-defined range of probability. The 
average German male adult stands 68 in. tall. 

To insure good body positions with respect to all tractor 
controls, for individuals ranging from 62 to 74 in. in 
height, the seat and control positions should be adjustable. 
To provide adjustment for all controls involves many me- 
chanical complications. Furthermore, making such adjust- 
ments would frequently result in reduced mechanical advan- 
tage—for instance, a shorter foot pedal for a small person 
would result in higher pedal forces. 

Adjusting the seat can generally be done to the advan- 
tage of all controls, but there must be a few compromises 
between hand and foot controls. Therefore, the height of 
the seat cannot be changed greatly, as for a small person a 
higher seat would result in worsened foot-pedal relationship. 
Usually a horizontal seat adjustment is adequate for most 
persons of differing size. The horizontal adjustment of the 
seat for persons between 62 and 74 in. in height has to be 
approximately 8 in. A horizontal adjustment of this amount 
can be obtained under most usual circumstances without 
great design effort. Since the length of the human arm does 


1959 * SEPTEMBER * AGRICULTURAL ENGINEERING 


not vary in exact relation to the individual's height and 
length of leg, it is an advantage to have an adjustable steer- 
ing wheel. With the driver sitting upright, the steering 
wheel should be adjustable +24 in. in the direction of the 
steering column (2'2 in. upwards and 2% in. downward, 
for a total of 5 in.). 


Correct Seat Suspension 

Some years ago the tractor research institute at Braun- 
schweig-Vélkenrode conducted extensive tests regarding 
proper seating and spring suspensions for farm tractors. 
The results afforded valuable hints to the effect on the 
human body when subjected to tractor vibrations. 

Such physiological investigations can best be conducted 
on satisfactory stationary test setups. A vibration table was 
built and tractor vibrations were simulated. With this setup, 
different seats with five different test individuals were in- 
vestigated(1). Comparable tests with tractors driven over 
field roads were conducted in order to check the results pre- 
viously obtained. The advantages resulting from a parallel- 
seat supporting linkage were clearly shown, both in reduc- 
ing the energy consumed on the part of the operator as well 
as the resulting nervous strain. It is self-evident that an 
operator subjected to a purely vertical seat motion will exert 
less muscular effort in maintaining equilibrium than were 
he subjected to a nodding motion of a seat which pivots 
around a single point. 

By the same token, a well-damped seat suspension will 
greatly reduce the muscular effort necessary to intercept 
jerks and bumps, as compared with a poorly damped suspen- 
sion. Of even greater importance, the nervous strain was 
measured and found to be much smaller with a well-damped 
system than with one undamped. With respect to the energy 
exerted by the operator and the resulting nervous strain, the 
widely used leaf-spring suspension was found to be the 
poorest of the seat suspensions observed. 


Environment (Controls and Seating) 

As to the final task of this investigation, it was necessary 
to determine the extent to which human strain could be 
reduced by improvements in the tractor controls and seat. 
This knowledge is of importance in order to determine 
whether a change in seating and controls, made in order 
to better adapt them to the tractor operator, will pay off. 
In conducting these tests, the human strains resulting from 
the operation of two identical tractors with different controls 
and seating arrangements were measured and compared. 

One tractor was tested as delivered from the manv- 
facturer, while the second was modified in accordance with 
the previous findings. Figs. 15 and 16 show the seats and 
controls of the two tractors, respectively. 

It was necessary to provide a path for easily mounting 
and dismounting from the tractor, between the engine and 
the left rear fender, as well as sufficient space for the opera- 
tor when sitting on the tractor. It was also necessary to 
widen the space in front of the seat, which resulted in 
modifications of the fuel tank, dashboard, and battery. In 
this manner, the unduly steep direction of the forces neces- 
sary to operate the pedals was changed so that the resulting 
flatter direction of the force application was more com- 
fortable when operating the clutch and brake pedals. By 
improving the brake operating leverage, providing better 
brake linings and employing a different retracting spring, 
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TRIP LEVER FOR FRONT LOADER 


CREEP GEAR SHIFT LEVER 
UNDAMPENED COIL SPRING 
SINGLE PIvOT 
SUSPENS/ON SEAT 


——~ HAND ERAKE 


CLUTCM PEDAL 


GEAR SHIFT LEVER 
CREEPER SHIFT LEVER 


LEFT & RIGHT FOOT 
BRAKE PEDAL 
(80 ne ~ 1.75 m/sec?) 


—* THROTTLE (FOOT) 


WAND BRAKE 
ROCKSHAFT COWTROL LEVER 


CLUTCH PEDAL 


Pro Lever 


Fig. 15 Controls and seat arrangement of a tractor as delivered 


operating forces of the foot pedals were decreased below the 
physiologically allowable limit. In regard to the foot- 
throttle control, optimal values of the 1.6 in. of motion and 
7.7 lb operating force were realized. A concave footrest 
was made of expanded metal, which permitted the oper- 
ator’s feet to rest in any desired position and thus avoided 
premature fatigue. 

With regard to hand controls, the gearshift lever was 
moved from a central position, between the legs of the 
operator, to the left side. For design reasons, it was pos- 
sible to move the gearshift lever only to the left side; other- 
wise a location to the right of the operator would have per- 
mitted easier operating and provided better access to the 
seat for mounting and dismounting. It was not possible to 
move the hydraulic-control lever, from a very unfavorable 
location on the left side and below the seat, into close prox- 
imity to the steering wheel, since the hydraulic system would 
then have been completely changed around. On the other 
hand, the shift lever for the creeper gear was extended and 
brought up within reach of the operator, so as to avoid his 
bending down. The manual brake lever was also extended 
and the handle located within easy reach of the operator. 
After this change, it was readily accessible with the arm 
nearly stretched out fully, which made it easier than before 
for the operator to exert the necessary force. 

The trip lever for the front-end loader, which previ- 
ously had been mounted on the loader frame, and moved up 
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and down accordingly, was fastened onto the fender within 
convenient reach of the operator. Although this arrange- 
ment made it necessary to guide the trip rope through the 
pivot point of the loader frame, the resulting operation was 
much easier. 

The position of the steering wheel was changed in such 
a manner that the operator could grip the rim of the wheel 
when sitting in an upright position, with his elbows at an 
angle of about 90 deg. The angle between the steering 
column and the horizontal was determined to be 55 deg. A 
seat suspension with parallel linkages and a hydraulically 
damped spring was provided, which had been previously 
found to have superior suspension characteristics when 
tested on the vibrating table. The seat and cushions were 
adjusted to the operator, with the back rest extended verti- 
cally to a height of approximately 9% in. This resulted in 
better reaction to the foot-pedal forces. 

Since it was not possible to readily and completely 
change the mass produced tractor, many compromises were 
necessarily made. But this simple example of modifying 
the tractor showed that insignificant changes of controls 
could frequently bring great improverhents. Surely the 
design of a new tractor would afford far greater oppor- 
tunities for adapting the controls to the human body. 

Both tractors — the original and the modified models — 
were tested and compared under identical conditions, at 
various farm jobs and employing the same operating per- 
sonnel. The stra:n on the operator was measured by both 
the respiration and the heart-beat frequency methods. In 
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Fig. 16 Controls and seat arrangement of the same tractor as 
in Fig. 15 after modification 


AGRICULTURAL ENGINEERING * SEPTEMBER * 1959 


aie ere ah or die ‘; Be ae-en get 
afer Re Sokege ee i SR a Pipe ae AP TRS ogi eee ee he bese ee ote Reese ee, i ae _ ons oer: : ; mah Bot 
Cen UES Oi pC tae kt pels te nee ae ee Be eee pe Ser oe ama iro oy Led pees . PGi bomay WES Syn soe A mers 
OMI etc eager a ee ous Be ee as eee Te aS, ee ; a act am a at aot mei as ee 
PG ee A arg RE ae 23 el ike SR ee pe oe On Oe a ae “ “ Se ee ee CN SS ORE - — 
Booch & ead ua 
OE 6 aaa 4 . 
ae ae 
aap ees 
Yi wert ne ae 
ae ie 
i : ee Le: 
a . & Fett 
gee oes oe 
> a . . . Tractor Operation a 
ae ae 
me ae /| ae 
oe Se \ | . XY / | a 
Ne aes IE <a ae 
Fees ee . aa ad a 
eee | | rt 
ay am es | wo ie. 3 
Be ct 2 a x 4 ay 
foo Bass pin?! > iia auch a 
Sae cre -— jp % eR jy pe Gee pe 
papecae =: ~~ Fa OP Oe ae 
"a i me a Xe ca Baa. 
Sgt Rep > 0 i i = = ae Beek 
eee, <i a 7 te < ft a Pret 
‘Ce eam tt rg er" Ra Bet a 
Soe ss ea D /} Si AS Se ee Bee 
te ae ; 4 ef ae c ees Wate ces es Br ins Nese 
ae PY 4 ae “arene base 
eae Wer \) aS ~—. | gilt ROCKSHAFT LEVER ees 
ws a oe” fee a) an ey 
ae — (SSS So ee Bee 
ee se be Fes 7 /p ee - ae GEAR SHIFT LEVER ek 
yanpriepegah TE ae — ? ~ = >= .5 a 
Ra ea m — £4 x %. <S - 
Mare oi By ied y oe re = pa 
yee as , eo - < e . “=? Ss PTO LEVER i Bz 
ae : ae we |} = . a 
re, 7 ee — “— tee 
mae! "5 a: RE A. pte es i Be 
ee ea’ | se S7aeoe ae 
see Fes a ; hs eee x? 4 _ t hb 
Oe 7. ee, * Zire a ay 
Seat ee ° eee ee oe *, ue 
eae yy 8 oe ee 
> —— = ia 
ae oh | : = ‘ ya 
ROE sne \ 4 ww : 4 bees, 
Si ae = CU,.llUF?é~S Se » = be, Saale" 
Oe as > Fe . < /y oes 
ae -— > : & ee fs ceed 
AY = odin. alae 5 pres 
Tora ieee ge Lee — a0 ——_ cues 
ee ieee: So GR ae eae pe ae 
<i teeee ce oy Gee Ae a es SS ee 
Ses Rea #s Re ce abe ae Tae 
Montes + SS be . i Ee ee a 
ei: Mae - eels es > ee see 
ea tt a; t ' wal! nae 
- — ll i Perks 
eee eS j fe oe 
ator 35 oo ae ee ; % ‘gai 
oe ee Be ae . 3 a y pie 
es ee aris >  —, a Sy Wiser 
"elgg = | 3 >: Sil en samt a y Bee: 
os ea Saar. Se Te SR jac” ate i ; a 
Ga ; ponerse. > vd oa Re ee e. ” : ins 
isa jae — ae “= tte ah — ei 
Eee ae — Fs * Ps ee eo = erence enn ent NON LEVER FOR FRONT LONER Sewage 
be ae ie = Tak aaa i | ft mi Bees ih 
sare ar 5 a a | aie Soa ii | See 
em ie ml ,- ote a , pares i — ; > ee 1 a Lever oe 
PM os eg Ts doa. ee ———— Sev d | ye 
oS ae — = ————— , por 
lh Pa bee aie \ ’ . —— Ja 
ae eS Aw, 1 ph 
ee ee ee ye C4 VAS ra 
a ae a: | Se ave a es ae 
ae ier ‘ | ee WV, ye eS la WiTH PARALLELOGRAM SUSPENS/ ON ero 
phy sie I ih ae cw . - ae sie 
ieee ee : © 22 8 Bes 
Pre 03: Abst * fs Pe ane ‘ Gee a a — } = ie 
Bag ‘ C or i bis e's Pt 
ei se " 3 Cx O ae me = =. I — ROCK SHAFT CONTROL LEVER ; at 
‘Pina ee <> . ~ ee 
ae ate é A ee’ eae ti? ag ———— as Beso 
) ne Pa es 4 % x ‘a <7 g : Sg % | i 3 
1 ae ee s = Se — ae a. 
- — dl a =~ \\—~ 4 SS a EE eal 
ee oa : “4 Wa i re ™ — - 0 — BS 
Jae: RE \\ » Sade wag) \ ee 
aoa f Ry nee v ; aree 
eke y PAS Se, Sag e €. ane: ‘ - _ se 
Weert pie a ie. yy fam tie 
WE hans - i iy i ee 
niet 2 ae a ? eA ph < 
ok eee ah e ( Hee - wr i , , Ce 
A Smee: HE 4 > aan oe rile Bs 
ge a ee ha ee 
EP Lie: - ee 7s 
ns teen Ee * pune mee - - hauls 
1 Rage nr bat ib 
ey ; nd . 3 ; he 
a Sf ma: |) i i . 
Udy Pee ry “ KS " 9 >, sf } pe 
ee ae ee ee ae 
eS Soe 5 oy cat =] con i ~ os id pe 
ie cs ae 7 . : ‘ 
Ba a Pee ee a 
Sa eae F RS a | Ee 
ee . aa - 
Ln ce oP Sees — 
ge a — ~s Se 3) 
a ale = — 4 t 7 ee ___ WANDBRAKE ' LES 
‘toe. an +> ms a ‘ Ce 
anes b uv =e A 
eee iad o> bath er 
ieee ; ee ei 
ae > ei * =-3-> eee pe enn Bot 
2 eae mara =. Fe pace | ae ee 
Tee ( =232>e ——- | - 
ame = 233 lela aes 
Ly eee ==" 4- - Sls4s = 
ae ee EO —---y 1s Be 
sue tt ~ ae 
7, Sore - * wg = al — Be 
eS Bae ” al — ie 
eee aoa. ee i 
ae a 3 : ¢ h is. 
a ot ed q aS y 4 Eas 
Be: am . 2) | : 
ys os oon a ae Wh MP ox 43) e 
SS wie I en a 
Beh BO Lp. » a = _ a 
Eee. ss 
pinay. * 3 
fsete er 1 
Bip. a toe if 
piggies de 2 i” 
a ai : be 
ope Gb Cts CC a 
oo iad We oe: 
pager ies ay 
Vs i ‘Sian 
ON eg te ne 
tay a la Ee | 
po terhiae cla , : ee wane Bee eee jee Ct ager Pee eg oe 
“ey is AN di i ar eee | Saee” epee nd Bilas £3 “myo e aecer ts 2 Fio sy ne ton 1 Be bars ae 
Se eee See ea ee bs ha : eae | 
pa eee iy Leet Bes a ‘fa ee ea as 
Pi Eee ii | ee a Rie oan sid oe 7 is 
rt ic toe eo ae * 
OP Ce ome ree: ee 
ee Soe Sb SA ie. oY 2 Aen tee 2 
Fide’ aes ae Eyer aon ; LS Pee ae ee gt ea eee | ” esevgatene « 
uheripads < eamen hago aeeotae ee. , ees . bins tog ; Bee Se tae = ee ae ed sans ae Sac “52 
an 
tr ae aan 
Ss fe 1 a 
a 


order to insure correct data, the tests were repeated four 
times. Table 3 shows the results of these tests. 

From these results, it may be seen that the improved 
tractor decreased the energy consumption required of the 
operator by amounts ranging from 13 to 29 percent! Such 
a reduction in human effort is indeed significant. The re- 
duction, as determined by the heartbeat frequency method, 
amounted to 46 to 45 percent. It is higher, since it takes 
into account the highly fatiguing static muscle effort, which 
was greatly reduced on the improved tractor. Not all 
characteristic factors of human strain were measured. There 
were, for instance, no measurements taken of nervous 
strain. In addition to the subjective feeling of the tractor 


TABLE 3. REDUCTION IN HUMAN ENERGY EXPENDITURE RESULTING FROM 
IMPROVED CONTROLS AND SEATING 


and 18 show in heavy lines the original positions of the 
foot accelerator, steering wheel, seat and driver. Dotted 
lines show the optimal positions (see also Fig. 11), with the 
driver sitting in an upright position, as is necessary for 
tractor operators on account of severe vibration. It has been 
found advantageous to incline rearwardly the back rest of 
fast-moving and well-sprung passenger cars. When this is 
done, all hand controls must necessarily be relocated further 
to the rear. Fig. 17 shows that the height of the seat above 
the floorboard is much lower than the optimal height. This 
does not influence the operation of foot pedals. However, it 
does preclude the possibility of resting the foot which does 
not operate the accelerator in a comfortable position as far 
back as the forward edge of 
the seat. It could be done, 
but only with the knee in a 


Driving over 


Loading manure 


ats mem higher position, which de- 


field road 
1. Energy expended (Kcal/min) 
Unmodified tractor 1.65 
Improved tractor 1.25 
Reduction: 
net 0.40 
percent 24.2 
2. Heart beat frequency 
(Increase over normal pulse per minute) 
Unmodified tractor 22.8 
Improved tractor 13.4 
Reduction: 
net 9.4 
percent 41.2 


operators that the work was easier, the measured data show 
very distinctly that a suitable arrangement of controls and 
seat can significantly reduce the strain on the tractor operator. 


Arrangement of Controls in Motor Cars and Trucks 


As was the case with tractors tested, the arrangements of 
controls and seats in several motor cars and trucks were 
evaluated and compared with optimal values. As examples, 
the foot-throttle control (accelerator) and the steering- 
wheel position of one mass-produced car and a widely used 
heavy truck (both 1956 models) will be discussed. Figs. 17 


PASSENGER CAR 4 SEAT SEDAN 


SEAT ADJUSTING RANGE ! 


Fig. 17 Body position of passenger-car driver with accelerator 
and steering wheel in original and modified positions 
(dotted lines) 
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Plowing mounted loader creases the available space be- 
Z tween the thigh and steering 

2.31 4.32 wheel. The muscles of the 
1.65 3.72 calf and the shin are then in a 
0.66 060 fatiguing position, since the 
28.5 13.9 ankle is under tension and the 
toes of the foot pushed up- 

ward. The concave, upward 

23.9 36.2 sloping footrest of the optimal 
on esis arrangement, as shown in 
92 16.1 dotted lines, provides a com- 
38.6 44.5 fortable resting position for 


the foot in each fore-and-aft 
location, since the thigh is always in the same position and 
the lower part of the leg is moved from one position to 
another by simply pivoting around the knee. 

As a result of the low seat height, the thigh cannot rest 
completely on the seat, the accelerator pedal is too high and 
is therefore operated by the toe and not by the sole of the 
foot, with the heel of the foot resting on the floor board. 
Furthermore, the foot is under continual stress, since it is no 
longer in its physiological zero tension position (Fig. 11). 
Such an arrangement leads to premature fatigue, especially 
when the reaction of the accelerator-pedal spring is not 


correctly adjusted. (Continued on page 525) 


LARGE TRUCK TRACTOR 


Fig. 18 Body position of truck driver with accelerator and 
steering wheel in original and modified positions (dotted lines) 
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Engineering Psychology 
in Farm Equipment Design 


Ernest J. McCormick 


Potential applications of psychological research, or 


human engineering, to mechanical design problems 


part in a meeting of agricultural engineers. There are, 

of course, various branches of psychology, including 
certain branches that are of a distinctly applied nature. 
These applied branches include experimental psychologists 
and industrial psychologists, and, in recent years, some who 
are referred to by the term “engineering psychologists.” 
The engineering psychologists are those who have become 
associated with what is now being called human engineer- 
ing. While I do not like the term “human engineering’’ in 
some respects, it seems one that is destined to stick with us, 
and I suppose we might as well get used to using it. 

Human engineering refers to the design of work equip- 
ment, tools, instruments, and working environments that 
contribute to optimum human use. Such design problems 
obviously are the responsibilities of engineers. In this en- 
deavor, however, there are various other professions which 
contribute information for the development of human- 
engineering principles. These professions include physiol- 
ogists, anthropologists, physicians, and psychologists. The 
interests of these professions in human engineering is one 
of developing principles which can then be used by engi- 
neers in designing equipment, tools, and work environ- 
ments. As I view this development, it is essentially one of 
several professions operating in something of a comple- 
mentary manner towards certain common objectives. I see 
nothing in this type of cooperative effort that is at all sug- 
gestive of anyone stepping on anyone else’s toes, or taking 
over anyone else’s preroyatives. 

At this session, we are interested in the contributions of 
psychology to farm equipment design. In discussing this 
subject with you, however, I want to make it clear to begin 
with that I will not discuss the present, immediate applica- 
tions of psychology to farm equipment design, but rather 
will suggest some of the possible applications. I am going 
to follow this tack, since thus far engineering psychologists 
have not contributed much that is specifically applicabie to 
some of your problems. It seems to me, however, that there 
are many potential applications, and it is some of these that 
I would like to discuss. Having a somewhat practical point 
of view on some of these matters, I would prefer to do this 
by example rather than by crystal-ball gazing. I would like 
to illustrate some of the kinds of research that have been 
carried out by psychologists which have at least some rela- 
tionship to the problems of farm equipment design. These 
examples come from a variety of topics, such as truck-cab 
design and some of the military research that is being done 
(especially in connection with aircraft), and other areas. 


Fe of all, let me explain why a psychologist is taking 


Paper presented at the winter meeting of the American Society 
of Agricultural Engineers at Chicago, Ill., December, 1957, on a 
special program on the theme, “Ergonomics in Farm Equipment 
Operation,” arranged by the Power and Machinery Division. 

The author — ErNest J. McCormick — is professor of psy- 
chology, Occupational Research Center, Purdue University. 
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Before discussing these examples, however, I will add 
one additional general comment regarding designing for 
human use. That which we now call human engineering is, 
in One sense, as ancient as mankind. Ever since the first 
cave man started to use some kind of crude weapon or tool, 
man has been striving to design things he uses in order to 
make them more effective, and to make his work easier. 
The primary basis for judging whether a particular design 
of club was better for beating one’s wife than another kind 
of club was experience. For centuries, then, experience has 
served as the guide by which different kinds of equipment 
and tools have been judged as being satisfactory or unsatis- 
factory. It might be asked, then, why the current hullabaloo 
about human engineering? I think the answer to this ques- 
tion lies essentially in the fact that with increasing tech- 
nological developments, man’s experiences in many situa- 
tions are not sufficiently adequate to serve as a backdrop 
against which equipment designs can be judged. It is here 
that systematic research can come into play, and it seems to 
me that such research is the ‘something new that has been 
added” to man’s efforts to design things which better serve 
his purposes. Let me cite an example of a “‘post-mortem”’ 
nature. There have been many airplane accidents, both 
military and civilian, that have been positively attributed to 
errors in reading altitude with the altimeter instrument that 
has been in common usage. Subsequently research has 
demonstrated that it would be hard to design an altimeter 
that was more difficult to read and that resulted in more 
altitude-reading errors, than the one that has been in use. 
How much better it would have been if the research that 
points the way to improved design would have been carried 
out before the one in use had become so frozen in design. 

A design problem that has some parallel to that of 
agricultural tractors is the design of truck cabs and their 
equipment. Dr. Ross McFarland of the Harvard School of 
Public Health has conducted numerous studies relating to 
truckcab design, including some surveys of the adequacies 
and inadequacies of truck cabs of existing designs. Among 
the limitations of some designs are the following(3)*: In 
some trucks it was found that the distance between the 
steering wheel and brake pedal was so short that many 
drivers could not get their knee under the steering wheel 
when applying the brake. This would make it necessary for 
them to appy the brake with the leg at an angle rather than 
straight ahead, in which position the braking force would 
be less than with a direct downward thrust. In the case of 
one truck cab this dimension was such that 70 percent of 
the drivers would have this difficulty. In certain other 
instances it was found that the position of the gearshift 
lever interfered with the shifting of the leg from the ac- 
celerator to the brake. In the case of some individuals it 


*Numbers in parentheses refer to the appended references. 
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was even necessary to shift to another gear in order to be 
able to transfer the foot to the brake pedal. A delay of 
even a fraction of a second in being able to apply the brake 
may, of course, be disastrous. As an example of another 
type, it was found in certain trucks that the hand brake was 
in such a position that when the operator was using it, he 
would have to move out of his normal driving position (4). 

In connection with truck-cab design, a recent study was 
carried out at Purdue that illustrates how a systematic analysis 
of a particular design problem can contribute to design im- 
provement for human use(2). In this study an experi- 
mental mock-up of a truck cab was used. There were nine 
possible adjustments that could be made to the truck cab 
arrangement, as follows: vertical seat and adjustment, hori- 
zontal seat adjustment, angle of the seat bottom, angle of 
the seat back, length of the seat bottom, angle of the toe 
pan, vertical adjustment of the steering post pivot, angle of 
the steering post, and length of the steering post. In the 
experiment, each subject adjusted all of these features to 
create that combination of arrangements that he considered 
to be most satisfactory to him. He could make varying ad- 
justments during the time he was performing on a simulated 
“driving” task. The simulated driving task consisted of op- 
erating the steering wheel to control the movement of a 
pointer on a simulated road on a display across the room. At 
the end of his driving task a record was made of the ad- 
justments that were most satisfactory to him. This was re- 
peated three different times, and the average of his various 
settings was taken as the design which was most satis- 
factory for him. At later dates he performed on the driving 
task with the truck cab set at each of three combinations, 
namely, combinations of two fairly common cabs, and, the 
third, the average of his own adjustments. He was not told 
at this time which was the combination which he himself 
had previously chosen. For these three driving tasks a record 
was made of the “time off road,” in seconds, with the fol- 
lowing results: 

DRIVING PERFORMANCE IN SUBJECT’S CAB 
VS. STANDARD CABS 


Cab Time off road (Seconds) 
Subject’s cab 70.5 
Cab A 83.8 
Cab B 115.4 


While this study was admittedly carried out in an ex- 
perimental setting, it at least suggests the possibility that 
performance in a driving task may be related to the extent to 
which the features of the cab are appropriate for the indi- 
vidual in question. In connection with this particular study 
it might be added that it was found that five of the variables 
were significantly related to driving performance, these being 
vertical seat height, horizontal seat position, length of seat 
bottom, height of post pivot, and length of steering post. 
For each of these a range of possible settings was suggested 
on the basis of the results of the experiment. 

Another example is related to a somewhat different 
aspect of equipment design. Most pieces of machinery or 
equipment incorporate instruments or other locations to 
which the operator must give his visual attention. In addi- 
tion, there typically are certain kinds of control devices such 
as wheels, levers, buttons, and so forth, that need to be 
activated on the basis of the information which the opera- 
tor has received from his equipment or his environment. In 
the transfer of visual attention from one location to another, 
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it is sometimes critical for the operator to make as rapid a 
transfer as possible of his attention. In the transfer of the 
hand or foot from one control device to another it may also 
be critical that the transfer be as rapid as possible. A sys- 
tematic analysis of operator functions can provide informa- 
tion which will result in the arrangement of instruments or 
other areas of visual attention to facilitate rapid transfer of 
visual attention, or the arrangement of control devices to 
contribute to efficiency in the operation of these. This can 
be done by systematic analysis of operator functions such as 
was carried out with aircraft instruments in one study by the 
U.S. Air Force(1). By the use of an eye camera a film rec- 
ord was made of the movements of the eyes of pilots. On 
the basis of this film, it was possible to determine systemat- 
ically the extent to which transfer of visual attention was 
made from one instrument to another. This information 
made it possible to determine the frequency with which 
visual attention was transferred from each instrument to 
each of the others. With information of this type the instru- 
ments could be rearranged in order that the pilot would, 
when shifting attention from one instrument to another, do 
so in as short a period of time as possible. The same type 
of analysis can also be made with various types of control 
devices that are used on pieces of equipment, resulting in the 
arrangement of those control devices to facilitate their use. 


In connection with the transfer of visual attention, there 
have been at least two exploratory studies related to the 
visual functions of tractor operators. One of these, carried 
out by The Naticnal Institute of Agricultural Engineering in 
England(6), dealt with the influence of the operator's posi- 
tion on steering performance in row-crop hoeing. The other 
one, a pilot study we have recently completed, was essentially 
a methodological study. Its purpose was that of developing 
a method for the analysis of moving-picture films to deter- 
mine the locations to which the operator gave his visual 
attention. This was done by analyzing a combination of eye 
and head movements. While studies such as these have not 
yet produced very much in the way of factual information, 
they are at least suggestive of the types of analyses that can 
be made of tractor operation. Knowing what pattern of 
visual attention is required in various tractor operations, it 
might then be more feasible to position the operator on the 
tractor in such a location that his visual attention can be 
given most effectively. 

Another aspect of engineering design in the design of 
tractors and other types of farm equipment is that relating 
to the control devices that are used. In the design of control 
levers, for example, the design engineer is presented with 
the alternatives of varying the distance of movement re- 
quired to accomplish a particular amount of change in the 
machine, or in varying the amount of force which the 
operator needs to overcome in operation of the lever. Look- 
ing at it from the point of view of the operator, if he is to 
control the degree of change in operating the lever, he has 
to receive information cues that help him in judging how 
much change in the lever is enough. He can receive such 
cues from the distance he moves the device, or by the 
physical resistance of the device, or by a combination of 
these two. One might then ask which of these sources of 
information provides the most reliable cues for him to use 
in controlling his actions. A study carried out by the Special 
Devices Center of the Navy dealt with this (5). In general 
terms, it was found that the distance of movement is the 

(Continued on page 527) 
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Steering-Force Requirements 


of Wheel Tractors 


J. B. Liljedahl, R. Gluck, 
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M. E. Schroeder 
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HIS paper presents the results of studies of human 

forces required to steer wheel-type farm tractors, the 

primary object of which was to assess the working con- 
ditions of farm tractor drivers with particular emphasis on 
drivers with impaired hearts. (Obviously information about 
the working conditions of cardiac impaired drivers would 
also be applicable to normal drivers. ) 

A continuing increased demand for improving the steer- 
ing system of farm tractors is in prospect because of (a) 
increased size of tractors, (b) increased speeds, (c) in- 
creased size and weight of implements, and (d@) increased 
demand for accurate. steering (e.g., cultivation). This 
paper deals with the effect of external forces (e.g., loader) 
upon the steering system, and with the effect of certain de- 
vices to improve the steering. 
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Fig. 1 Steering forces for John Deere 70 
tractor and cultivator 
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Fig. 2 Steering forces for Case 400 
tractor and cultivator 


Results of Research Studies of Human Forces Called 
for in the Steering of Wheel-Type Farm Tractors 


Chandler(3)* in 1925 made steering-force measure- 
ments which resulted in improved mechanical steering sys- 
tems for automobiles. Continued improvement of steering 
gears in the past 25 years has increased the steering-gear 
efficiency from about 20 percent to around 80 to 85 percent. 
The increased efficiency has resulted in reduced steering 
forces, but has also increased the transmission of road shock 
forces. 

In 1955 Dupuis ef a/(2) published an extensive report 
in Germany on steering forces of manually steered tractors. 
Some of their conclusions were as follows: (a) Speed 
affected steering frequency, (b) mowing required over 1200 
steering corrections per hour, (c) manure loading required 
the largest steering forces, (d) forces exceeding 22 lb were 
experienced over 20 percent of the time when driving in a 
plowed field, (e) a side-mounted mower caused many more 
corrective motions than one trailing the tractor. Dupuis 
measured steering-wheel motion as well as steering forces 
and time. 

Procedure of Purdue Studies 

It was decided to measure the steering forces under what 
seemed to be the most severe conditions, as follows: 

(1) Large row-crop tractor with 4-row cultivator 

(2) Large row-crop tractor with manure loader 

(3) Large row-crop tractor crossing 5-in. bumps. 

SR-4 strain gages were mounted on the steering shaft so 
as to measure the torque. This method of measuring torque 
has been described by Dobie(1) and Gluck(4). No attempt 
was made to measure the angular displacement of the 
wheel, nor to compare one tractor with another. 


*Numbers in parentheses refer to the appended references. 
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Fig. 3 Steering forces for John Deere 70 
tractor and loader 
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Fig. 4 Schema of Kosch steering aid 


Two John Deere 70 tricycle-type tractors were used, one 
with power steering and the other with manual steering. 
Both tractors could be used with the roll-o-matic front end 
or with the conventional rigid front end. 

The Case 400 tractor was equipped with a wide front 
end and could be converted from power steering to man- 
ual steering. 

The Farmall 400 was of the tricycle type and was man- 
ually steered. All tests were performed by at least two 
drivers and some by three and four. 


Cultivation Tests 

The John Deere 70 was used on the first and second 
cultivation and at two speeds. The Case was used only on 
the second cultivation and also at two speeds. Both the 
maximum and average forces were determined; however, the 
steering forces while turning at the end of the row were 
not considered. Four drivers were used on the John Deere 
and three on the Case. The results are shown in Figs. 1 
and 2. 

Comparison of the steering forces required by the John 
Deere and the Case tractors is not possible because of dif- 
ferences in the conditions of the tests. The Case was used 
in a different field and was equipped with wide front 
wheels. In addition, the Case cultivator weighed approxi- 
mately 400 lbs more than the John Deere cultivator. 

The roll-o-matic front end on the John Deere caused a 
25 percent reduction in average and maximum forces during 
the second cultivation when the ground was rough, but had 
no effect during the first cultivation. During the first culti- 
vation power steering on the John Deere reduced average 
steering forces approximately 41 percent and the maximum 
forces were reduced by 78 percent. Speed in the range 
studied had no appreciable effect on steering forces while 
cultivating with either the Case or the John Deere. Power 
steering reduced average and maximum steering forces by 
approximately 50 percent on the Case tractor. It appears 
that the drivers attempted to steer too fast with the Case 
causing temporary high steering forces before the power 
steering became effective. 

Loader Tests 

Since a loader imposes a very heavy load on the front 
end, it is natural to assume that the static steering forces 
will be increased considerably. When turning, centrifugal 
force causes an additional steering force because of the caster 
of the front wheels. The tractor was driven in a figure of 
eight around markers placed in a rectangle 12 by 25 ft. All 
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Fig. 5 Obstacle course for testing steering aid 


tests were performed only with the John Deere 70. The 
results of the figure-of-eight tests are shown in Fig. 3. 


It is obvious that steering forces when using manual 
steering on the John Deere 70 equipped with a loader were 
excessively high. Power steering reduced the average force 
by 75 percent and the maximum by 67 percent when carry- 
ing a load. The added load to the fork made no appreciable 
difference for power steering, but did increase the steering 
forces for manual steering. However, use of differential 
brakes under the same conditions had almost the same effect 
as power steering. It is important to note that under normal 
operating conditions, including starting and stopping, it 
would not be possible to take complete advantage of the 
differential brakes. 

The preload on the John Deere power steering was ap- 
proximately equivalent to 5 lb of force on the rim of the 
steering wheel. This is the steering force necessary to open 
the spool valve and begin the power assistance. One might 
wonder why on both the cultivator and loader tests the maxi- 
mum steering forces exceeded the preload setting by such a 
large value. The only logical explanation is that the drivers 
attempted to steer too rapidly, and therefore were tempo- 
rarily turning the wheel at a rate faster than the power 
assistance could follow. (It can be assumed that drivers 
accustomed to a particular power-steering system would 
adjust their reflexes so as not to overtake the power assist- 
ance, but no tests were made to check this. ) 

In other tests, with the John Deere tractor moving dirt 
from one pile to another with a loader, it was observed that 
power steering reduced the cycle time by 10 percent. Steer- 
ing forces were not recorded in the dirt-moving tests. 


Bump Tests 


One of the complaints made of tractors with manual 
steering is that shocks are transmitted to the hands. No 
statistics are available, but it has been reported that farmers 
have received broken fingers and thumbs because of the 
tractor striking a rock or severe bump with a front wheel. 
Power steering will, of course, remove most of the road 
shock. 

Road shocks can also be reduced by holding the steering 
shaft with a spring clutch as in the Kosch. The design of 
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50 EACH BAR AVERAGE OF 6 SPEEDS 
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Fig. 6 Torque transmitted to steering wheel when using 
steering aid on Farmall 400 


60° 


spring clutches has been described by Kaplan(5). A sche- 
matic diagram of the Kosch steering aid is shown in Fig. 
4. Actually the device in this case is used as a brake which 
can only be released by moving the steering wheel in either 
direction. If the steering wheel is not moved, all of the 
torque on the steering shaft is absorbed by the tractor frame. 
If the brake is partly released, some of the road shock will 
be transmitted to the hands. 

The effectiveness of the steering aid was tested by driv- 
ing a Farmall 400 tractor over an obstacle course. Torque 
on the steering wheel and the steering shaft was measured 
simultaneously by SR-4 strain gages in conjunction with 
Brush instruments. The obstacle course is shown schemat- 
ically in Fig. 5. The results of the bump tests are indicated 
in Fig. 6. 

The 45-deg obstacle caused the worst shock to the steer- 
ing shaft, 82 percent of which was removed by the steering 
aid. It should be emphasized that the steering-wheel forces 
(Fig.6) cannot be duplicated, because the torque trans- 
mitted to the steering wheel depends entirely on how much 
the brake was released when the wheels struck the bump. 
If the wheel was being turned, then the brake was released 
and all of the shock torque was transmitted to the hands. 
If the wheel was not being turned, then most of the shock 
torque was absorbed in the tractor frame. 


APPENDIX 


TABLE 1. SPECIFICATIONS OF TRACTORS AND EQUIPMENT 


EACH POINT AVERAGE OF 
THREE REPLICATIONS 


GRID NO 2 
OBSTACLES AT 
45° ¢ 5" HIGH 


TORQUE — FT. LBS. 


SPEED - MPH 


Fig. 7 Torque transmitted to steering wheel when using 
steering aid on Farmall 400 


Fig. 7 shows the effect of speed on the shock trans- 
mitted to the steering shaft and wheel. As would be ex- 
pected, the torque in the shaft increases with speed, but the 
wheel torque is relatively unaffected. 


Conclusions 


1 The roll-o-matic front end on the John Deere 70 
reduces average and maximum manual steering forces 25 
percent when cultivating corn the second time. 

2 On the John Deere 70, power steering reduced av- 
erage steering forces 41 percent and maximum steering 
forces 78 percent when cultivating corn. 

3 Speed had no measurable effect on either the John 
Deere 70 or Case 400 while cultivating corn. 

4 Power steering reduced average and maximum forces 
by 50 percent on the Case tractor while cultivating corn. 

5 Maximum forces were greater than the preload 
setting on both the Case and John Deere tractors. This is 
probably because the drivers were, for a short time, steering 
at a rate greater than the power steering could follow. 

6 When the John Deere 70 was equipped with a 
front-end loader and driven in a figure of eight, power 
steering reduced the average steering force by 75 percent 
and the maximum by 67 percent. Under exactly the same 
conditions, use of the 
differential brakes had 
almost the same effect 


John Deere 70 


in reducing steering 


ues one — forces as power steering. 


Manual Power 


Manual 


Power Manual 


7 The weight on the 


Steering ratio 16.5:1 14:1 


16:1 


16:1 16.35:1 fork of the loader on 


Steering wheel diam., in. 20 17 18 


the John Deere 70 trac- 
tor had no effect on the 


18 17% 
(steering aid) 


Preload of power steering 5 lbs on OD 


of wheel 


steering forces when 
using power steering. 
8 When loading 


2 Ib plus 
proportional on 
OD of wheel 


Weight cultivator, Ib 1600 


1992 manure with the John 


Front tire size 6:00 - 16 


6:00 - 16 


Front tire pressure, psi 44 


Deere 70 tractor, power 
steering reduced the 


6:00 - 16 
44 28 


Tractor type Tricycle 


Wide front end 


loading time by 10 per- 


Tricycle cent. 
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9 When a Farmall 400 tractor was equipped with a 
shock-absorbing steering aid the shock from driving over 
angled 5 in. bumps was reduced by 100 percent, /f the driver 
was not turning the wheel. If the driver was turning the 
wheel, all of the shock could be transmitted to the hands. 
The most severe shocks were caused by bumps set at a 45- 
deg angle. 

10 When 25 ft-lb of torque was applied manually to 


the steering wheel, approximately 25 percent was absorbed 
by the steering aid. 
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. . . Tractor Operation 
(Continued from page 519) 


The steering wheel was located well to the rear, due to 
the sloping position of the back rest, but even this was not 
quite far enough. As a result, the angle of the elbows 
(which should be approximately 90 deg) was too great for 
fast reaction, with low small-energy consumption, when the 
steering-wheel exertion is high. 

The large truck had a very poor steering-wheel location. 
It was much too low and too far ahead of the operator. 
When leaning against the back rest, it was necessary for 
the operator to steer with his arms completely stretched out. 
This is an impossible situation. Only a driver with unusually 
long arms could handle such a truck comfortably; a smaller 
person could not lean back against the back rest. The range 
of adjustment of the seat is intended for larger or smaller 
persons, 7.¢., for persons who differ from the normal-sized 
human being. 

The horizontal floor board position of this truck was 
much too low, with respect to the seat. The leg which was 
not operating the pedal can swing freely without touching 
the floorboard. This results in cutting off the arteries 
located between the thigh bone, and the leg will go to sleep. 
Because the heel of the foot which operates the accelerator 
cannot rest on the floor board, it is not possible to accu- 
rately control engine speed. As a result, the leg will very 
soon be subjected to fatigue resulting from static muscular 
effort. 

A measure of built-in adjustability of this seat could 
improve the arrangement somewhat for normal-sized per- 
sons, but this would be quite unsatisfactory for others, as 
individuals smaller than the normal or average size will be 
required to sit very uncomfortably. Experience shows that 
quite often seat pads are used in order to improve a poor 
seat arrangement. However, this is rarely successful. 

The few examples discussed in this paper are intended 
to show that the designs of modern tractors, as well as pas- 
senger cars and trucks, may be modified to reduce the 
strain and fatigue of the driver. This is especially true 
when physiological factors necessary to the most favorable 
seat and control arrangements are considered and applied. 


Conclusions 

In this paper are the most important points investigated 
and the resulting findings of a research project dealing with 
the reduction in tractor operator effort and stress, resulting 
from better design of seat and controls. As a first step, 
the work load imposed upon the operator of a tractor was 
measured and compared with other occupations. Next 
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investigated were the causes for the high degree of stress 
which were observed and the means taken to effect improve- 
ments. These investigations involved the following aspects, 
namely, the respiration method of evaluating human effort, 
the frequency of heart beat methods used in evaluating the 
effort of tractor operators, measurement of the necessary 
operating forces, best control positions and most favorable 
seating arrangements and suspension types. 

Tractor parts coming in contact with the operator were 
modified and improved in accordance with the latest find- 
ings. Reductions in the operator's effort as high as 45 per- 
cent resulted. In addition, the optimal seat and control 
arrangements were compared with those of modern pas- 
senger cars and trucks. This showed that substantial reduc- 
tions in operator effort can be effected in all types of motor 
vehicles, when the seat and controls are better engineered 
to the operator. 


It, therefore, follows that the conclusions regarding the 
basic relationships of operator, seating and controls are of 
importance to all automotive designers. 
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Psychological Aspects of 
Farm Work Efficiency 


Melvin A. Schmitz 


by way of sensations and perceptions and man’s re- 

sponse to these stimuli, through motor reaction, has 
long been the concern of experimental psychology. How- 
ever, research dealing with man and a group of stimuli and 
responses found in a specific man-machine environment sys- 
tem has gained impetus only in the very recent past. It was 
not until World War II that a small group of psychologists, 
at the request of the military, began a close study of the 
relationship between man and the machine he operated. And 
it was not until then that we began to understand clearly 
that man had certain capabilities that could be used to ad- 
vantage, and also certain limitations in what could be ex- 
pected of him in specific man-machine situations. Most of 
you are perhaps familiar with the content and results of 
these early studies—the arrangement of controls; the re- 
design of knobs, dials, levers; the elimination of blind spots 
in the visual field; criteria for optimum friction applied to 
controls and forces necessary to move them efficiently; the 
design of seats with adequate adjustments for various work 
situations, and so on. 

In these early stages, psychologists and design engineers 
worked together to integrate the man and his machine in 
such a way that maximum efficiency could be obtained. Over 
the past 10 years, the field of study has grown from interests 
in specific components to one of systems design and analysis. 
The question asked has changed from ‘How can we change 
this component to aid accomplishment of a mission?” to 
“What is the mission of the system (man and machine) and 
how can it be accomplished most efficiently?” Instead of a 
psychologist and a design engineer working together, we 
now have teams of medical doctors, psychologists, physiolo- 
gists, economists, physicists, mathematicians, and engineers, 
all working on the same systems problem. We no longer 
necessarily design a machine and rely on man’s large fund 
of adaptability to make it work, but instead the machine is 
designed in such a way that man and machine can do their 
job with a maximum of safety in a minimum amount of 
time, with great precision, without large expenditures on 
energy, and in agreeable surroundings. 

Now what does all this have to do with farm-work 
efficiency? As a psychologist interested in research dealing 
with man-machine relationships in land vehicles, my interest 
is in variables that affect the psychomotor performance of 
the farmer in the operator-tractor system. I am interested in 
the factors of health and safety of the farmer, in his per- 
formance and personal well-being, and how these factors 
affect his work efficiency. 


T*. study of the effect of stimuli impinging on man 


Paper presented at the winter meeting of the American Society 
of Agricultural Engineers at Chicago, Ill., December, 1957, on a 
special farm work efficiency program. 

The author — MELVIN A. SCHMITz — is chief engineering psy- 
chologist, Bostrom Research Laboratories, Milwaukee, Wis. 
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Progress toward integrating the farm worker 
and his machine for maximum efficiency 


Designing a tractor with sufficient horsepower and 
drawbar pull capable of doing twice the work that present- 
day tractors can accomplish doesn’t necessarily mean that 
the machine will be used at its maximum efficiency. If the 
man who controls the tractor is not taken into account and if 
the design does not include arrangements whereby he can 
control the machine adequately at maximum output, the new 
design hasn’t accomplished its purpose. The man in this 
situation may be the limiting factor, not because he couldn't 
possibly accomplish the job, but because the design may not 
have taken the fullest advantage of his capabilities, allowing 
him to perform in such a way that the man-machine system 
can operate at or near the limit of peak efficiency. 

Some of the variables that limit man to less than opti- 
mum performance have been isolated by past research. 
Many need further study. This paper is intended to sum- 
marize briefly much of what is known to date, that could be 
applied to the tractor-farmer system, and then to discuss in 
more detail one of the variables that is now being studied in 
our laboratory. 

Past research has shown that several environmental 
variables can affect man’s performance generally. Significant 
impairment has been shown to take place when effective 
temperatures reach 85 F. The factors that have been reported 
as impaired include: (a) visual attention, (4) hand coordi- 
nation, (c) motor coordination, and (d) forces that can be 
exerted. Also, at temperatures of —20F or below, finger 
dexterity, reaction time to a light, and hand-grip pressure 
are significantly impaired. 

Reports have also shown that a single, prolonged expo- 
sure to bright sunlight affects subsequent dark adaptation 
for several hours by slowing the rate at which sensitivity 
increases, and that glare can result in relative blindness if 
the glare source is brighter than its surroundings. 

Continuous noise with intensity of 115 decibels or over 
(although it does not appear to affect performance) for one- 
half hour duration, may affect auditory sensitivity for as 
much as four hours and has been shown in some studies to 
increase energy expenditure and muscular tension. As far 
as the machine itself is concerned, many studies have 
shown that performance can be improved by design changes 
in the following: (a) placement of controls and displays, 
(b) shape of controls and dials, (c) coding of controls, (d) 
arrangement of work space, (e) seat design, and (f) friction 
and force requirements for controls. 

The last variable to be discussed in this paper is vibra- 
tion and its effect on work efficiency. 

Past research over a wide range of frequencies and in- 
tensities of vibration has shown that man’s physiological and 
psychomotor performance is generally affected by vibration. 
That the frequency and amplitude studies in the past have 
not included vibrations typically encountered by drivers of 
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rubber-tired tractors and trucks is unfortunate, and has made 
it necessary for our laboratory to embark on an intensive 
study of the effect of low-frequency, relatively high-ampli- 
tude vibrations on man’s performance. However, the gen- 
eral conclusions of past reports are of interest and in sum- 
mary are these: (a) visual acuity is impaired, (4) manual 
steadiness is affected, (c) the balancing senses are irritated, 
(d) pulse rate and blood pressure showed variations with 
larger amplitude, (¢) metabolic rate was increased, and (f) 
physical weariness and depression were reported by subjects. 

Our present research is concentrated in the range of 
frequencies from 1 to 7 cycles per second with amplitudes 
ranging from “6 to 1% inches. This range has been chosen 
on the basis of distributions reported by Simons and Radke 
as being typical vibrations measured on rubber-tired tractors 
and trucks. 

When man sits on a vibrating source, he automatically 
deprives himself of a natural vibration isolator—his legs and 
feet—which isolate him very well from shock and from 
vibration frequencies above 12 cps. The degree of isolation 
that can be achieved with a seat is a function of the dynamic 
characteristics of the seat. If the seat has a natural frequency 
coincident or close to that of the vehicle itself, the seat will 
be put in motion every time the vehicle is excited. This 
appears to be what occurs in most of the present-day vehicle 
seats; so that, rather than attenuating vibration and jolts, 
these seats tend to amplify vertical motion. Studies con- 
ducted on our vibration table and in the field have shown 
that man tends to vibrate from 50 to 400 percent (with the 


peak between 3 to 4 cps) more than the vibration table, or 
vehicle, between frequencies of 2 to 5 cps when seated on a 
standard seat cushion. These are from measurements taken 
at the base of the man’s neck and the top of his head. 
Measurements at the belt line show a maximum of about 
250 to 300 percent amplification. 

Findings such as the foregoing led us to ask ourselves 
these questions: Does vibration in this range affect man’s 
performance? How do these vibrations affect machine per- 
formance? How is the performance affected as a function of 
time exposed ? 

Under contract to the Office of the Surgeon General, 
Department of Army, we have recently completed the ex- 
ploratory phase (using five volunteer subjects) of this proj- 
ect and are about to start our major testing program. These 
exploratory studies have given us trend data only and the 
results are not to be considered as conclusions but rather as 
grounds for hypotheses to be tested with a larger sample of 
20 to 30 subjects. With this in mind, there appeared to be 
trends as follows: (a) Visual accuracy may be impaired up 
to 20 percent, (b) ability to perceive depth may be affected, 
(c) the ability to balance oneself may be impaired, (d) 
ability to track and keep constant foot pressure on a foot 
pedal shows greater error, and (e) reaction time may be 
increased. Whether or not these trends hold and become con- 
clusions must await the analysis of data still to be collected. 

There is much ground that is not covered in this paper 
that could well come under the heading of the psychological 
aspects of work efficiency. 
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more important characteristic in such control than variations 
in force. From this study and others, however, there is 
some evidence to suggest that, if the distance to be moved 
is short, the judgments of the operator are less accurate than 
when the distance of movement is longer. Further, cues de- 
rived from variations in force during very short movements 
can contribute to the accuracy of the judgment of the opera- 
tor with respect to control of the device. Thus there seems 
to be some evidence to suggest that there should be some 
force variation in lever controls for the initial changes in 
lever movements, but that for larger changes there need be 
no particular resistance for the purpose of informing the 
operator when he has moved the lever far enough. Another 
study carried out by the Air Force is somewhat related to this 
topic(7). In this study it was found that when varying force 
with lever, wheel, and rudder controls, a certain amount of 
resistance can contribute to accuracy of operation, but above 
a certain degree (about 5 or 10 pounds) additional force is 
not necessary to obtain consistency of performance. 

In connection with the operation of levers, we are pres- 
ently doing some research to determine the reaction time of 
people in operating levers that are in different locations, 
such as forward, down, and above the operator's normal 
hand position. 

As another example that deals with the design of con- 
trol devices, many devices, such as levers, pedals, and 
switches, are operated without looking at them. Where two 
or more similar devices are used, there is a possibility of 
confusion. In aircraft, for example, there have been num- 
erous proven accidents (some of them fatal) which have 
occurred because the pilot has used the wrong control device. 
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This probably also has occurred with farm tractors. There 
are, however, ways in which the operator can be protected 
against the possibility of such errors. These methods in- 
clude what is called “shape” and “location” coding of con- 
trol devices. In connection with shape coding, for example, 
studies have been carried out to identify those designs of 
lever knobs which are not confused with each other by the 
sense of touch. Studies have also been conducted to deter- 
mine the minimum distance between control devices that is 
safe in order to reduce errors in reaching for them. 

These are but a few illustrative examples of research 
regarding human factors in equipment design. While these 
examples come from areas other than farm equipment de- 
sign, they may at least suggest the potential applications of 
psychological research to farm-equipment design problems. 
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Environmental Relationships 
of Plants and Animals 


mo 


FOREWORD 


The accompanying articles represent a summary or “State of the Art’ report of 
scientific literature on the relation of plants and animals to their environments, 
contributed by the agricultural engineering members of the Technical Advisory 
Committee on Plant and Animal Husbandry, jointly sponsored by the American 
Society of Agricultural Engineers and the American Society of Heating, Refrig- 
erating and Air-Conditioning Engineers, Inc. The joint committee was formed in 
1957 to serve in a technical advisory capacity on projects conducted at the 
ASHRAE research laboratory in Cleveland. 


\t was decided at the time that the initial step in this cooperative activity 
would be an assessment by agricultural engineers of available knowledge of the 


relations of the production and well-being of plants and farm animals to their 
thermal environments. 


It is important for the reader to understand, however, that only recently 
have engineers, to any extent, taken an active interest in this research field. 
While there is a great amount of literature describing experiments by physiol- 
ogists, nutritionists, ecologists, biophysicists, and others, much of this is not 
reported in the accompanying articles because of conditions under which the 
tests were run or of other limitations. These compilations, gleaned from the best 
available research literature, are intended to serve mainly as a starting point for 
further investigations by research workers. 


Committee members representing ASHRAE are: H. A. Lockhart (chairman), 
F. N. Andrews, T. E. Bond, A. W. Brant, and M. K. Fahnestock. Committee 
members representing ASAE are: C. F. Kelly (chairman), G. L. Nelson, R. E. 
Stewart, T. E. Bond, H. J. Thompson, and R. G. Yeck. Representation for ASAE 
for 1959-60 remains the same except for the addition of R. L. Givens and the 


appointment of R. E. Stewart as chairman. 
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Function of Shelter in Plant Environments 


ecology and plant physiology have 
illustrated the economic possibilities 
of modifying plant environments. Research 
techniques and practical application of the 
principles involved have necessitated the 
use of engineering methods. This report re- 
views some of the more basic environmental 
requirements and man’s progress in provid- 
ing shelter to meet these requirements. 
Leach (14)* groups habitat or ecological 
factors under three headings, /.e., climatic, 
physiographic (topographic and soil ef- 
fects), and biotic. The latter includes activ- 
ities of plants, animals and man. Moisture, 
temperature, light and wind are the pre- 
dominant climatic factors studied. Other sig- 
nificant factors are gaseous exchanges, vari- 


S cee of plant geography, plant 


Report prepared for the special use of the 
Technical Advisory Committee on Plant and 
Animal Husbandry jointly sponsored by the 
American Agricultural Engineers and_ the 
American Society of Heating and Air Condi- 
tioning Engineers, March 1958 (revised De- 
cember 1958). 

The author — Harotp J. THOMPSON — is 
agricultural engineer (ARS), U.S. Department 
of Agriculture. 


*Numbers in parentheses refer to the ap- 
pended references. 
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ous dispersing mediums, diseases and insects. 
Thermoperiodism, vernalization, aestiva- 
tion, hibernation, heat sum, thermotaxis, 
Bergman’s principle, Allen’s rule are some 
of the temperature related terms used by 
ecologists (3 and 15). Following is a brief 
explanation of some of these terms: 
Thermoperiodism is demonstrated most 
dramatically by the seasonal activities of 
plants; in fact, it is so commonplace that 
many casual observers never consider the 
matter in quantitative terms. For instance, 
some seeds require two consecutive cold 
seasons before germination: (3) ". . . Blue- 
berries require an exposure of 800 hours to 
temperatures below 7 C before the dormant 
buds will develop;”’ or in coffee trees (20), 
“Although vegetative growth is optimal at 
23C day and 17C night temperatures, the 
greatest number of flowerbuds are initiated 
at the highest temperatures (30 C day and 
23C night).”’ Daylight periods are some- 
times referred to as photoperiods and night 
periods as skoto or nycto periods, ¢.g., a 
nycto temperature would be a night tem- 
perature. With the advent of electric lights, 
light studies made better progress since most 
previous studies were based on observations 
under natural weather conditions or experi- 


ments with reduced light. Gardener and 
Allard (7) were among the first workers to 
study the effects of lengths of day and night. 

Vernalization, in its most simple form, 
is the artificial temperature treatment of 
seeds to produce or inhibit growth. Phasic 
developments of some plants may require 
very exacting combinations and strict se- 
quences of temperature, light, moisture, etc., 
i.é., temperature treatment alone may not 
be sufficient. In wheat, sexual reproduction 
can be influenced by vernalization. Large- 
scale commercial attempts to vernalize small 
grains (perhaps 300,000 hectares) by Rus- 
sians during the 1930's indicate interest at 
that time (17). However, this same writer 
attributes an earlier interest (prior to 
1857) to an American, Klippart. The proc- 
esses are so complicated that so-called “long 
day” plants can be made to grow like 
“short day” plants; others made to grow 
fast and not mature, others grow slow and 
mature fast, and still other grow fast and 
mature fast. 


Aestivation and hibernation, terms usu- 
ally associated with animals, are neverthe- 


less also applicable to plant-life thermo- 
periodic functions. Aestivation is a state 
of dormancy caused by heat and drought, 
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or by either heat or drought. It is difficult 
to visualize the small amounts of energy 
required to maintain life in the smallest of 
seeds. In any event, the life span of the 
dormant plant or animal is limited because 
of this energy loss. Some animals have 
low limits for body temperature during 
hibernation. 

Plants exposed to cold are of two cate- 
gories, .e., those that freeze and those that 
do not freeze, in which case they stand the 
lowest temperatures attainable (16). Levitt's 
summary indicates that the larger the cell 
size, the easier the plant is damaged by frost 
and that, if plant juices can be undercooled 
to minus 20F, then the plant will not be 
harmed by lower temperatures because con- 
tents “‘vitrify.”” However, such plants can 
be harmed by refreezing of parts during the 
thawing process. A better understanding of 
the freezing process would definitely speed 
up research on development of frost hardi- 
ness of plants. 

“Heat sum,” heat-unit theory, or degree- 
day concepts are of interest to growers 
wanting to meet definite harvest sched- 
ules (11). For instance, if a grower assumes 
that he wants a certain variety of sweet corn 
to mature on a certain date, seeds are 
planted according to a temperature calendar 
that will provide, say 1665 degree-days (F) 
above a base temperature of 50 F prior to 
harvest. During the growing season the 
grower may further alter schedules in ac- 
cordance with actual temperatures. Care 
should be exercised in use of this apparently 
simple concept because of at least two con- 
troversial items; Ze, optimum growing 
temperatures have not been established for 
many plants and because of the limitations 
of the degree day itself. Is it the time spent 
at the optimum temperature, or is it the 
amount of time spent either below or above 
the optimum temperature that influences 
rates of growth? 

Control of plant migrations, seeding and 
growth by extremes of temperature, wind, 
and moisture is a fascinating subject in it- 
self. For instance, in a plant community, a 
certain plant or tree will not be able to 
germinate well near the geographical limits 
of the environment, yet after germination, 
the plant may grow much better than those 
in similar stands having optimum environ- 
ments for germination. Clarke’s (3) illus- 
trations indicate that some after scorching 
by fire, others boiling one hour or others 
exposed to —190C for 3 hr, some seeds 
will still germinate. 

Thermotaxis is the orientation of the in- 
dividual plant with regard to the source of 
heat energy. Bergman’s principle is the 
tendency of homeotherms to be larger with- 
in the same specie in the colder climates. 
Poikilothermous animals, such as reptiles 
and amphibians, exhibit the reverse rela- 
tionship. Allen’s rule indicates that animals 
may be of the same size but have less heat- 
dissipating surfaces in cold climates. Such 
principles are of limited application in 

plant work. The van't Hoff-Arrhenius law 
states that chemical reactions approximately 
double with every increase of approximately 
10C. Fortunately, Oosting’s (15) statement 
that this law holds for photosynthesis be- 
tween 41 and 77F gives a temperature 
range somewhat similar to optimum green- 
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house 
Went (20). 

Many current and interesting research 
programs are now under way on the effect 


temperature ranges suggested by 


of light on plants. Furthermore, light is 
being treated as a scientific tool or variable 
in environmental research (in studying 
other climatic factors). Radiant-light 
energy effects are closely related to tem- 
perature or heat energy effects, since 
temperature is ultimately determined by 
solar radiation in nature. There are now 
many acres of commercial greenhouse space 
equipped to artificially control light, indicat- 
ing the tremendous interest in the subject. 

Photoperiodism assists in the control of 
flowering or reproductive processes of the 
plant whereas photosynthesis (total light 
used) determines the rate of growth of the 
plant. 

Like thermotaxis, there are also such 
terms as “phototaxis, geotaxis and other 
tactic reactions’ (3). Plant leaves and stems 
may be so arranged and shaped to receive 
the maximum or minimum amount of light. 
Trees furnish one of the most dramatic ex- 
amples of reactions to sunlight. Forest vege- 
tation will differ at various heights above 
the ground. Data on light penetration to 
the 3-ft level in a pine hardwood stand 
averaged only 6 percent of full sunlight 
(about 9500 footcandles being full sun- 
light) (15). Continuing he states: ‘‘Plants 
require much more light energy than they 
use, probably because of selectivity.’’ Plants 
can also receive too much sunlight: ‘The 
production of chlorophyl is perhaps 
more apt to become limiting or significant in 
high than in low intensities.” 

Light and moisture effects are definitely, 
though often indirectly, correlated. ‘‘Plants 
grown under shade conditions often show 
certain characteristics of anatomical struc- 
ture, more particularly in their leaves, which 
distinguish them from plants grown in full 
sunlight. It must be noted, however, that 
many of these structural peculiarities are 
also to be found in the same plants when 
grown in full sunlight but in a moisture 
saturated atmosphere’’(14). Root behavior 
is involved in the radiation, temperature, 
moisture complex, e.g., change in soil 
temperature due to solar energy may not 
affect plant growth if soil humidity and 
moisture are at optimum levels. ‘There- 
fore, we can expect that the soil temper- 
ature controls plant growth when the root 
system is small, restricted or poorly aerated” 
— Went (20), with reference to tomatoes 
and potatoes. 

Desert plants are of interest to those 
studying drought resistance in domestic 
plants (1). Rates of moisture transfer may 
be different on one side of a leaf than on the 
other side. Moving water from leaves to 
roots seems to be one of those fantastic re- 
versals of nature’s processes 7. 

Studies under laboratory or research con- 
ditions simulating outside conditions are 
further complicated by the effect of wind. 
Not only does wind change the evaporative 
rate from soil, but it also changes evapora- 
tion rates from the plants as well. 

The Earhart Laboratory has not only 

+Discussion of S. Duvdevani’s work at the 


Dew Research Station, Karkur, Israel, 1952 
and 1953. 
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made contributions to the solution of some 
of the air movement versus moisture prob- 
lems, but it has also facilitated studies on 
root uptake of nutrients and moisture in 
the mist form, 7.e., the roots are merely sus- 
pended in air. Water uptake by roots and 
leaves from vapor in ambient air provides 
many problems of current interest, two of 
which are, first, the tension or water-trans- 
fer mechanism at the leaf or root surface 
and, second, the ambient psychrometric con- 
ditions under which such transfers take 
place. In a study of moisture transfer to 
and from leaves, in a near-saturated atmos- 
phere, both microclimate and microtempera- 
tures must be considered? 

Air movement and wind may also affect 
gaseous exchanges of plants. Air turbulence 
in the Earhart Laboratory was found to in- 
crease uptake of CO. by tomato plants in 
sunlight. 


CO.+H.0 


light 
CgHy20g +02 

respiration 
Respiration processes continue throughout 
the 24hr of the day, whereas photosyn- 
thesis processes can take place only during 
daylight. The intensity of the light required 
to equalize the rate of respiration of a 
species is called the compensation intensity 
(3). Therefore, if optimum use is to be 
made of factors such as winter sunlight, 
artificial light, COs, and perhaps even sugar 
solutions sprayed on leaves to compensate 
for lack of sunlight, some consideration 
should be given to the COs stratification 
near the leaf surface. Wind studies by 
Went and others indicate that air movements 
above about 10mph may be harmful to 
some plants. Wind can also cause changes 
in shape and form of plants and trees; in 
fact, it can be one of the critical factors in 
plant growth. Dessication, drafts (/.e., 
localized chilling or heating), freezing, 
breakage of foliage, seed dispersion, etc., 
are all practical problems affected by wind. 

Methods of modifying plant environ- 
ments by the use of shelters are probably as 
old as the history of man. Greenhouse 
history indicates that some Europeans in 
the 1700's applied the term ‘‘orangeries” to 
structures with extra glass on sidewalls and 
roof to grow fruit trees and plants during 
cold weather (21). At the turn of the cen- 
tury the greenhouse was considered a luxury 
item available to few people. Today it is 
a more commonplace luxury item as well 
as a valuable tool for commercial growers. 
Europeans evidently think of a greenhouse 
as a structure in which plants grow with 
little or no artificial heat. If the house is 
heated, then it is a ‘glasshouse’ — Gray, 
1956 (8). The term “plant shelter’’ as used 
in this report refers to anything from the 
simplest shade, windbreak, coldframe, etc., 
on up to plastic and glass greenhouses. 

The modern greenhouse construction in- 
dustry can furnish many different types of 
structures, some even as packaged units, 
complete with engineering services and ac- 
cessory equipment. The heating systems 

tMicroclimatology, i.e., the climate that im- 
mediately surrounds the plant or even portions 
of the plant, is sometimes confused with the 
term macroclimatology, i.e., climate for larger 
areas. The term ‘“‘microtemperature,” i.¢., mi- 
nute changes in temperature, might apply to 
either micro- or macroclimatology. 
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. . « Environment for Plants 


offered for greenhouses are an indication of 
the “‘state of the art.” However, basic re- 
search on the growing plant's requirements 
supported by engineering studies indicate 
that there are still many problems to solve. 
The variations in greenhouse techniques are 
numerous. Sprague (19) indicates some of 
the problems involved in forage crop re- 
search. Public institutions, growers, pub- 
lishers and the construction trade provide 
much of the information needed. With 
the best of construction, however, one is 
reminded that the finest of greenhouses will 
not operate properly without good soil, 
plants and management. The remainder of 
this report will attempt to correlate some of 
the principles of plant responses and man- 
agement practices with the engineering re- 
quirements in greenhouse construction. 

Wright (21) presents many of the basic 
structural requirements of a  glass-type 
greenhouse. Plastic glazed shelters differ 
somewhat in their structural requirements 
(12 and 4). Lawrence (13) gives problems 
to be considered in a major greenhouse re- 
construction program undertaken by a re- 
search organization. Potter (18) also gives 
basic greenhouse management information 
for the person interested in greenhouse hor- 
ticulture as a hobby or part-time adventure. 

Some of the problems in greenhouse con- 
struction are similar to those inherent in 
constructing service buildings for any well- 
integrated farmstead. Location of an abun- 
dant supply of water, perhaps as much as 
280 gal per 4-hr period per 1,000 sq ft of 
crops may be required (21). Use of evap- 
orative coolers will also affect water re- 
quirements. Location of electric power for 
artificial lighting and equipment operation 
is necessary. If artificial light is required 
for plant growth, power consumption may 
be quite variable, depending upon lighting 
schedules and light intensity required for 
the plant’s anticipated. Artificial light is 
not required during the cloudiest of days 
for most plants since intensities will prob- 
ably not drop below 2,000 ft-c (foot- 
candles) maximum (full sun is about 
9,000), whereas artificial lights having in- 
tensities above about 1,000 ft-c are difficult 
to obtain, even under laboratory conditions. 
Atmospheric conditions and air pollution 
are to be considered since dirty glass may 
cut off as much as 10 to 20 percent of the 
light (13). Effects of smog during daytime 
in metropolitan areas of over 1,000,000 
people are injurious to some plants (20). 
The use of electrostatic precipitators was 
ineffective against smog damage, whereas 
activated carbon filters proved beneficial. 
Yet many of our research and commercial 
greenhouses are located near such areas. 
With better transportation, roads and the 
higher prices of urban land, greenhouses 
may do well to move further from such 
metropolitan areas. 

Natural surface drainage and type of 
heating system are two interrelated factors 
formerly considered in greenhouse layout 
when gravity-return piping was required 
for heating. With the use of pumps, cir- 
culators and higher pressure systems, the 
use of boiler pits, etc., are not required. 
Surface drainage is also important in meet- 
ing sanitation requirements. Other things 
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being equal, areas requiring maximum use 
of winter sun should have houses located 
on southern slopes. 

Types of soils to be encountered in foot- 
ing design should receive special attention 
because most houses are of post sidewall 
construction, requiring firm support for 
glazed superstructures. Matters of addi- 
tional houses, accessory buildings, house 
orientation, exposure to prevailing winds, 
are among other considerations. North and 
south-ridge alignments for even span houses 
is quite common; however, little difference 
in total light admitted will be found with 
east and west arrangement. Some growers 
prefer uneven spans for houses with east- 
west ridges, with a long span to the south. 

Termite and other insect infestations 
should be given consideration in design of 
footings, foundations and framing members. 
Insects can be partially excluded by pre- 
ventive measures such as proper use of 
reinforcing and expansion joints in con- 
crete slabs and walls. Soil treatment under 
slabs, walkways and foundation walls, 
especially where cracks and other openings 
may or do occur, should not be overlooked, 
even after the best of structural precautions 
have been taken. Insecticides used should 
not be toxic to plant growth. 

If possible, the greenhouse should have 
the same finish floor level as adjoining 
service structures. Tops of foundation walls 
should be level throughout the length of 
the house. Ridge and eave slope for longi- 
tudinal drainage of condensation, if re- 
quired by greenhouse manufacturers, must 
be held to a minimum to prevent air 
stratification and drafts in long houses with- 
out partitions. 

Framing for greenhouses should be well 
designed in accordance with dead load, live 
load and wind load requirements. Metal 
stresses used in design should be those 
commonly used by the metal buildings in- 
dustries. The open-span type of house, 
without interior columns, is preferred by 
many growers. Open spans allow more 
flexibility in bench and planting arrange- 
ments. 

Arrangements to suspend heating pipes, 
netting, blackout cloth, electrical conduit, 
lights, automatic ventilation machinery and 
ventilation sash must be considered. Some 
growers may elect to furnish their own 
pipes for columns and posts to support roof 
framing, in which case manufacturers can 
furnish a variety of fittings. 

As much as 50 percent of the total light 
falling on a greenhouse may be lost due to 
shading by structural and glazing members, 
dirty glass and waste floor space used for 
walkways and floor-mounted equipment 
(13). Therefore, greenhouse design dic- 
tates that all sash, glazing bars, purlins 
and trusses offer the minimum of shading. 
The ideal structure would seem to be a 
transparent shell. The use of plastics for 
glazing purposes reduces dead load require- 
ments but at the same time poses other 
problems. 

Glasshouse manufacturers can furnish 
houses in various widths such as 10, 14, 

18, 21, 25, 29, 32, 36, 40, 50, 60, 70, and 
80 ft. Lengths are multiples of glass widths 
such as 16, 20, 24 and 28 in., 29 in. being 
quite common in present-day American 
construction. Trends seem to be toward 
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wider glass and wider spacing between 
trusses. Some manufacturers use _heat- 
treated glass in the wide sizes. Total house 
lengths of 150 ft are common, greater 
lengths sometimes being impractical due 
to wasted effort in caring for plants. 

Usual roof slopes range from about 26 
to 32 deg from the horizontal in even-span 
glasshouses. Roof pitch can affect the 
amount of solar radiation reflected by glass, 
i.e. normal incidence being the optimum. 
However, slopes made steep enough to re- 
ceive full benefit of the winter sun will 
result in greater wind loads and higher 
convection losses. Cochran (4) reports that 
unheated plastic glazed slopes of 44 deg 
will shed snow in Utah. If the roof slope 
is below about 26 deg, condensation will 
not drain properly and may damage plants 
below. Condensation and its removal, heat 
loss, corrosion and deterioriation of glazing 
bars and glazing compounds, present chal- 
lenging design problems. The use of alum- 
inum alloys instead of wood for glazing 
bars, sills, eave rafters, etc., limits the use 
of whitewash and contact with other lime- 
bearing materials, such as mortar. 

Plastic glazing apparently reduces air 
infiltration since more mechanical or sash 
ventilation is sometimes required when 
glass is replaced by plastic. However, ex- 
tensive use is being made of plastics for 
temporary shelters. Kofranek and Kohl 
(12) estimate that California then had 40 
acres of crops under plastic. Examples of 
structural practices given should stimulate 
the interest of agricultural engineers in 
horticultural structures. Durability of most 
plastic construction is much less than glass, 
but first costs of plastic construction are 
much lower. Flexible 0.002 and 0.004-in. 
thick plastic films and the more expensive 
rigid flat or corrugated sheets of plastic, 
reinforced with glass fibers, are in use. 

Greenhouse heating, cooling and venti- 
lation recommendations are numerous; 
however, the well-ventilated structure must 
be carefully designed. Heating and cooling 
systems, especially for nursery stock, are 
subject to critical design, because they must 
not fail, if adequate facilities and supplies 
are not available for immediate repair. 
Went’s (20) cost analysis for an air- 
conditioned plant laboratory indicates some 
of the items to be considered and the costs 
involved if basic research is to be under- 
taken. Gray (8) reports many of the 
problems inherent in design of a good heat- 
ing system. Size and shape of structure, 
prevailing winds, infiltration, glass area, 
design temperatures, solar heat load and 
fresh air requirements are typical items to 
be considered. Gray's report indicates prac- 
tical locations of heating pipes to reduce 
drafts. Evidently drafts are more. difficult 
to control in narrow houses. 

Use of finned pipes and pressurized hot 
water systems are two of the more recent 
developments. Basic research by the Na- 

tional Institute of Agricultural Engineering 
(9) indicates many of the problems in- 
volved in glasshouse design. The potential 
use of electrical resistance heat in glass- 
houses is considered. 

Equipment for soil sterilization utilizes 
steam, ordinarily at higher temperatures 
than levels required for house heating. 
(Chemical sterilization techniques are also 
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being developed.) Temperatures near 180 F 
are required for one hour to sterilize 
soil. Higher steam temperatures reduce 
time required to bring soil to the proper 
temperature, allow the use of higher ster- 
ilization temperatures and thus reduce both 
time involved and the leaching of soil 
nutrients. For this latter reason, chemicals, 
inorganic fertilizers, etc., are usually added 
after the soil has been sterilized. 

The use of adequate ventilation for most 
summer greenhouse crops is mandatory; 
otherwise excessive temperatures and evap- 
oration will reduce yields. Conventional 
shading to reduce solar-energy heat gain 
only defeats the primary purpose of a 
greenhouse, /.e., it cuts down on sunlight. 
Therefore, it is not surprising that growers 
have been eager to adapt their houses to 
evaporative cooling using mechanical venti- 
lation for crops grown in summer (5, 6 and 
2). Both mist propagation and aspen-pad 
systems are in use. For pad systems: 

Approximately 7 cfm of air is needed for 

each square foot floor space 

Pads 2 in. thick should have areas ade- 

quate to hold velocities below about 
150 fpm 


TABLE 1. CONSTRUCTION COSTS OF THE EARHART PLANT 


THE PROPORTION 
BETWEEN GENERAL CONSTRUCTION AND SPECIAL 


RESEARCH LABORATORY, INDICATING 
FEATURE COSTS 


(Includes the original $407,000.00 gift from the Earhart Foundation 
and later appropriations of over $15,000) 


Concrete, framework and finishing 
Roofing 

Metal floors 

Fumigation entrance and sterilizer 
Power and general lighting 
Fluorescent light panels 

Motor generator 

Control panel and time clocks 


General Special 
construction 


$133,636.60 
7,311.00 


30,700.30 


Water recirculation rates should be from 
Y% to % gpm per lineal foot (hori- 
zontal) of padded area 

Makeup or replacement water required 
will of course vary with outside hu- 
midity and waste necessary to reduce 
salt concentration, but is sometimes 
estimated at 3 percent of the total 
amount circulated. 


The use of baffles, divergence of air- 
streams, fan location, etc., are also to be 
considered. Several manufacturers are 
specializing in evaporative-cooling equip- 
ment for greenhouses. Evaporative cooling 
can also be accomplished by spray or mist 
nozzles within the houses. Carpenter (2) 
utilized nozzles delivering about 1.6 gal per 
hr at 60 psi. Mists can also be used during 
other seasons of the year to raise humidity. 
Both mist and fan-and-pad systems reduce 
watering requirements for plants and make 
it possible to admit more solar energy. 


Another recent development is the use of 
dieldrin-impregnated cheesecloth screening 
in vents to reduce infiltration of very small 
insects such as thrips during summer ven- 
tilation (10). Resistance to air movement 


Size group, acres 


Under 14 
From 4 to 4 
From 4 to 4 
From 4 to 1 
From 1 to 3 
From 3 to 5 
$ 11,874.00 5 and over 
4,495.00 Total 
14,000.00 
16,734.00 
2,000.00 
3,000.00 


features 


seems to be one of the problems in such 
systems depending upon natural ventilation. 

Better shelters will be developed as fast 
as man can understand the real needs of 
plants and can coordinate such needs with 
practical, economical, well-engineered con- 
struction. More basic information is needed 
on energy exchanges between plants and 
their natural environments. Such informa- 
tion will aid engineers to design better 
shelters. Such studies should not be under- 
taken at the expense of sound, long range 
breeding and genetic programs for both 
natural and sheltered environments. Such 
measures and programs should supplement 
each other. Engineers should continue their 
search for better materials and methods to 
provide adequate shelters and mechanize 
the activities therein. 

Much of the future development of plant 
shelters depends upon the price we are 
willing and able to pay for fuel or energy 
to regulate the environment. If abundant 
energy is made available, only our lack of 
imagination or space can limit plant pro- 
duction, and thus our primary source cf 
food, fiber and many of the most beautiful 
things in nature. 


TABLE 2. SIZE GROUPS OF GLASSHOUSES IN ENGLAND 


AND WALES 


Number of 


Glasshouse area, 


holdings acres 
9,545 565 
2,891 509 
1,675 586 
961 669 
608 990 
110 422 

91 921 
15,881 4,662 


TABLE 3. AREAS OF GLASSHOUSES IN VARIOUS COUNTRIES 


Area of 


Area of 


Recorders for temperature and co, 3,500.00 Country glass in acres Country glass in acres 
Refrigeration and air conditioning 118,475.50 Europe: Holland 8,030 North America: USA 5,070 
Water treatment 13,168.00 Britain 4,700 Canada 740 
Plumbing 2,707.00 Belgium 1,880 Others 25 
Smog filters , 3,285.00 Germany 2,440 Total 5.835 
Wind and fog equipment 1,400.00 Denmark 860 ee, ; 4 
ight : . sia: Japan 220 
Automatic sprinklers 6,096.00 Sweden 1,210 Thins 35 
Plans and supervision 20,000.00 6,000.00 Norway 500 sll 
‘ axa eae Others 50 
Insurance, legal fees, etc. 3,500.00 Switzerland 320 — 
Furniture, trucks, etc. 3,900.00 7,000.60 Rrahee 500 Total _ 345 
Miscellaneous 5,000.00 5,000.00 Riassin 2300 S. Hemisphere: S$. America 25 
Pee EE at RATS Others — S. Africa 25 
thers 750 A | rs 
Total $212,850.90 $209,571.50 T a ustralia 2d 
‘ y « y ~ 
Note: From Went (20),chapter 26. Chapter 1 gives resulting floor otal 23,390 Total 5 


space of 4,584 sq ft for controlled-temperature growing space (original 
Clark greenhouse space of 448 sq ft probably not included); tempera- by E. R., 
ture control facilities 4,000 sq ft; space required for handling plants, 
2,200 sq ft, and offices and other facilities, 2,800 sq ft. 
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Environmental Requirements for Poultry Shelter Design 
R. E. Stewart and Charles N. Hinkle 


HIS report deals with laying hens and 
the laying flock in general. Applica- 
tion to broilers will be similar to that 
for layers in most respects, except that the 
size of the bird considered is different. In 
attempting to collect data on poultry that 
would be of use to engineers for design 
purposes, it was found that the greater part 
of the work had been done under basal 
conditions. This made it necessary to at- 
tempt to correct these basal measurements to 
conditions as they actually exist in the field. 
This report should not be considered 
complete, as there is much late work which 
is not included because of space limitations. 
The authors believe, however, that the re- 
port contains typical design figures which 
will aid the designer. 


Heat Production 


In general, the particular condition under 
which heat-production measurements were 
taken was to confine the bird in a small pen 
in such a way as to restrict movement as 
much as possible without making the bird 
unduly uncomfortable. All birds were 
usually measured after fasting from 24 to 
48 hr. In some instances they were housed 
in totally dark containers, and in others 
the boxes were transparent so as to allow 
the experimenter tc observe the activity of 
the bird. 

The total heat production of the chicken 
can be broken down into three parts. The 
first part to be considered will be heat pro- 
duced under basal conditions. Following 
this, the bird is fed and heat determined 
which should be added to the basal heat as 
the heat increment of feeding. The last con- 
sideration will be to make some estimates of 
the heat produced by the activity of the 
bird. The addition of these three heat 
values will give the total heat produced by 
the chicken under farm conditions. 

The majority of the investigators, whose 
results were consulted, except for two or 
three who have made comprehensive and 
systematic studies, have produced work 
which has been fragmentary. The number 
of birds used in these experiments has been 
small. Also, as will be brought out later on 
in this report, the same bird used under the 
same conditions at several different dates 
gave results which were quite variable. Only 
one investigator has made a sizeable contri- 
bution to the values of basal heat produced 
under different environmental temperatures 
(2, 3)*. The remaining workers used a con- 
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stant temperature for their work, usually se- 
lected as that of thermoneutrality, or what 
is sometimes called the “critical tem- 
perature.” 

Mitchell and Haines (8) in one of their 
earlier experiments determined the environ- 
mental temperature for thermoneutrality as 
16.5 C or 62 F. The data that these investi- 
gators used for their calculations were re- 
evaluated by Barott and Pringle (2) and it 
was determined that these data gave the 
thermoneutral temperature somewhere be- 
tween 75 and 80F. This temperature was 
that obtained as the minimum heat output 
of 12 Rhode Island Red hens under fast- 
ing conditions. Several other experimenters 
have confirmed the temperature of between 
75 and 80F as the minimum heat-produc- 
tion temperature under basal conditions of 
the adult bird. Thus it seems possible to 
use this value even though the number of 
experiments in its determination were small. 

The basal heat values recorded were in 
general as numerous as the number of ex- 
perimenters recording them. Several ref- 
erences were found where the birds used 
had been fed shortly before being placed in 
the calorimeter. Thus the values recorded 
were not actually basal conditions but also 
contained a portion of heat due to the feed. 
Mitchell and Kelley (9) recorded a value of 
approximately 40 Btu per hour for 4-lb non- 
laying hens, both Rhode Island Red and 
White Plymouth Rock, at an environmental 
temperature of 82 F. The birds at this time 
were being maintained on feed containing 
about 72 grams of dry matter per day 
equivalent to 80 grams of wheat and had 
some freedom of movement. In an earlier 
experiment (8) the basal rate for 28 non- 
laying Rhode Island Red hens weighing 
about 44 lb was determined as 18% Btu 
per hour. The environmental temperature 
used for these experiments was 65 F. 

In experiments by Barrott and Pringle 
(3), using Rhode Island Red hens, the 
basal rate for a 5-lb laying hen was deter- 
mined as 25 Btu per hour at an environ- 
mental temperature of 60 to 80 F and 20 Btu 
per hr for a 4-lb hen. Other data recorded 
at this time gives the heat produced by a 5-lb 
bird at 40 F as about 29 Btu per hour and 
23 Btu per hour for a 4-lb bird. These re- 
sults are shown graphically by Fig. 1. The 
hens used for these experiments were housed 
under normal conditions and were brought 
into the test chamber early in the morning 
and kept in complete darkness without food 
and water during the 24-hr period of the 
investigation. This type of experiment 
would seem to give more valid results for 
our use than any of the others studied. 

One of the tables presented by Benedict 
(4) included several values for birds which 
had eaten within several hours of being 
placed in the chamber. These values have 
been separated from the main table and are 
reproduced as Table 1 in this report. The 
heat values were measured five different 
times using three different hens. The aver- 
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Fig. 1 Heat elimination of chickens at various 
temperatures under basal conditions 


age value obtained for these 314-lb birds at 
a temperature between 70 and 75F was 
about 30 Btu per hour, which would corre- 
spond to about 35 Btu per hr for a 4-lb bird 
by a proportional increase. Considering that 
these five birds were confined, this value 
agrees well with the data of Mitchell and 
Kelley reported earlier. The important point 
about this table is the variation which ap- 
peared in the one bird that was tested three 
times. If the test is considered as valid, 
then it must be that no chicken will ever 
give the same heat output twice when the 
conditions have been duplicated, keeping in 
mind that these are not basal tests in this 
case. The low value was 29 Btu per hr and 
the high value was 371% Btu per hr for this 
particular bird, number 52. It was also 
found that the basal heat output of fasting 
hens was not significantly affected by differ- 
ent environmental temperatures in the range 
of 60 to 80 F. 

Corrections need not be applied to the 
above work recorded by Benedict and by 
Mitchell and Kelley to increase the heat 
output to allow for the increment due to 
feeding. It will be interesting to apply the 
heat of feed to the basal rates to see if the 
results will check with those already ob- 
tained for non-fasting conditions. In a check 
on the heat content of feed consumed by 
laying hens, two laying hens weighing about 
4\%-lb under winter conditions consumed 
about 11 Btu of feed per hour for each hen 
(4). When this is added to the basal rate 
for a same size hen, approximately 23 Btu 
per hr, the results are 34 Btu per hr for a 
confined laying hen. Thus the heat content 
of the feed added to the basal heat rate will 
give results which are comparable to actually 
recorded values. 
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TABLE 1. HEAT PRODUCTION OF FIVE HENS IN BTU PER - 
HOUR SOON AFTER FEEDING 


(From reference 1) 5 
. 
Weight Time after Environment Btu per H . 
No. Ib feeding temp. deg F hour an 
= 
52 3.70 2-3 hr. 75.3 37.5 Ss 
52 3.70 0 72.0 33.8 5, 
54 3.74 ? 71.0 28.5 2 
52 3.56 12 min 70.9 28.0 3? 
59 2.92 22 min 73.8 23.0 ral 
Average 3.53 72.6 30.3 = 
> is 
red 
Another refinement can be taken into con- ? 


sideration for the recorded value of 40 Btu 
per hr for a non-laying hen being fed with 
some freedom of movement. It is stated that 
for a 50 percent egg-laying rate two more 
additional Btu per hour are given off (9). 
If this hen starts laying at the 50 percent 
rate, it will then give off 42 Btu per hr. 

The final correction to be made on the 
above values is the addition of heat given 
off by movement. Most of the workers noted 
during the course of their experiments a 
diurnal rhythm during fasting with the 
maximum occurring about 8:00 a.m. and the 
minimum occurring at 8:00 p.m. Some of the 
workers attributed this diurnal rhythm to the 
activity of the chicken since it was observed 
to be twice as active during the morning 
hours as it was in the afternoon and evening. 
A study was made (7) to determine whether 
the diurnal rhythm of metabolism was 
caused entirely by differences in visiisle 
activity or whether some more fundamental 
phenomenon was also involved. The results 
indicated that the 9 percent increase in heat 
for the morning periods was exclusive of 
activity. 

Other data was recorded which gives some 
values of heat production for activity (7). 
The results concluded that a hen will give 
off 45 percent more energy when standing 
than sitting and since a hen is active about 
13 hr out of the day, the total heat value for 
basal plus feed should be increased by about 
25 percent. If this increase from activity is 
added to the 34 Btu per hr accumulated so 
far as the sum of basal heat and heat incre- 
ment of feeding, the final total heat value 
produced by a 4-lb laying hen under actual 
conditions will be 43 Btu per hour. 

It is also stated that the extra heat pro- 
duced due to activity can be estimated by 
assuming it equal to approximately one-half 
the basal heat value (9). Whether a basal 
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Fig. 3 Values of latent heat as percent of total heat 


Fig. 2 


heat of 18% Btu per hr or 20 Btu per hr is 
used, the final total heat produced including 
basal, feed and activity rates by a 4-lb laying 
hen under actual conditions at 40 F will be 
approximately 44 Btu per hr. This is in 
close agreement with the value given in the 
preceeding paragraph. 

Since the final results have been compiled 
from several sources and various test condi- 
tions, it is probable that a value for total 
heat production at 40 F rounded off to 45 
Btu per hr per 4-lb laying hen would be 
entirely satisfactory. Parker (12) used in his 
ventilation studies a total heat production 
by 4-lb laying hens of 45.4 Btu per hr which 
he derived from the formula: Btu per hr= 
16.4 (pounds live weight) °™. This adds 
more strength to the suggested value of 
45 Btu per hr as a value for 4-lb laying hens 
at an environmental temperature of 40 F. 


Moisture Production of the Hen 


Of equal importance to the heat output of 
the laying hen is the moisture given off by 
the hens. Moisture is produced by three dif- 
ferent methods: vapor in the expired air, 
moisture in the droppings, and diffusion of 
moisture through the body of the hen. The 
last method noted has only recently been 
considered as important enough to warrant 
further investigation. Since no estimates 
of the amount of moisture which passes 
through the skin is available, no attempt 
will be made to apply any corrections for it. 
Future investigation should show the extent 
of this source of moisture. The other two 
methods of moisture production by hens are 


$0) 


GRAPH SHOWING O:STRIGYyTION 
OF HEAT PRODUCTION OF HENS 
AT VARIOUS TEMPERATURES 
UNDER BASAL CONDITIONS 


LATENT wEAT LA 


ra 

J 7 60 es 90 os 100 
TEMPERATURE °F 

Heat production (basal) of hens 


better understood and more work arriving at 
acceptable results has been accomplished. 
The first method of moisture production 
to be discussed in this report will be re- 
spired moisture. The heat values which 
were calculated earlier in the report were 
for total heat, and, therefore, before being 
used have to be corrected to available or 
sensible heat since part of the heat given 
off by the birds is in the latent heat of re- 
spired moisture. The graph in Fig. 2 indicates 
the amount of heat that is contained in the 
respired vapor as latent heat (2). The 
amount is relatively constant until the tem- 
perature of 80 F is reached, the upper limit 
of the thermoneutrality zone, when it rapidly 
increases up to about 90 F. After this tem- 
perature the amount of increase slows down 
indicating a breakdown in the heating 
mechanism of the chicken. Variation of the 
humidity will also affect the amount of the 
latent heat, but there was no indication as 
to what extent this occurred. The formula 
W = 14e9-06435t has been suggested for the 
determination of the percent of total heat 
appearing as latent heat (9). In this form- 
ula, ¢ is the environmental temperature in 
degrees centrigrade. The result of this form- 
ula is shown by Fig. 3 where latent heat as 
a percent total heat is plotted against the 
environmental temperature in degrees Fah- 
renheit. Also shown on the same graph is 
the percent of total heat appearing as latent 
heat calculated from the values in Fig. 2. 
The true value will probably lie somewhere 
between these two lines since the experi- 
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. . « Environment for Poultry 


mental data was obtained under basal 
conditions. 

The amount of water actually respired by 
the hens can be arrived at by several meth- 
ods. Fig. 4 is a graph showing the grains of 
moisture respired per hour for different ages 
of chickens and temperatures (3). These 
data were taken by direct measurement dur- 
ing basal metabolism tests. Dividing the 
total amount of latent heat at the environ- 
mental temperature which the amount of 
moisture is desired, by the heat of vaporiza- 
tion of water at 82 F, which is the average 
skin temperature, will give a calculated value 
of the moisture produced (9). It seems more 
likely that the temperature used for the heat 
of vaporization should be that of the body, 
106 F, instead of skin temperature. Most 
authors writing on ventilation of poultry 
houses usually use the moisture of respira- 
tion at a temperature of 30 to 40F for a 
4-lb hen as about 20 grains of water vapor 
per hour, or 0.07 Ib per day. 


The third source of moisture from the 
chicken is in the droppings produced. The 
amount of droppings is usually about 20 
percent of the dry matter content of the feed 
fed. Of the droppings, about 75 percent is 
moisture. A flock of 100 layers under actual 
conditions will void about 38 lb of drop- 
pings daily which would mean almost 30 Ib 
of water per day in the droppings (5). This 
amount will vary with the size of the birds 
in the flock, the value given for the 4-Ib hen, 
while the amount for 100 6-lb hens would 
be close to 40 lb of water per day. If no 
moisture in the droppings were removed by 
evaporation or by ventilation, but all had to 
be absorbed, about 12 Ib of litter per hen 
per month would be needed which by the 
end of the year would build up better than 
two feet deep. 


The total amount of moisture given off by 
the hens is thus about as variable as the heat 
produced. The addition of the moisture in 
the respired air to that in the droppings will 
give about 38 lb of water produced by 100 
4-lb hens and that produced by 100 6-lb 
hens, approximately 50 lb. 


With a good approximation of the total 
heat and water output of a layer, it is pos- 
sible to consider design requirements for its 
housing. The majority of the buildings used 
for the housing of poultry in the United 
States was not built to allow full use of the 
heat output of the laying hen. Only those 
poultrymen who are willing to invest some 
capital in the laying house will be able to 
make use of the heat produced by the hen, 
and those that do invest will get a good per- 
cent return on their investment. 


The possible effects of humidity on chick- 
ens should be mentioned before continuing 
with the design requirements of poultry 
shelters. Low humidities were not recorded 
as having any adverse effects on chickens but 
the same is not true for high humidities. 
This becomes even more important when the 
high humidities are coupled with high tem- 
peratures. At high temperatures chickens 
have to pant to eliminate water, but this 
panting in turn creates more energy that has 
to be disposed of. With reference to Fig. 3, 
below the temperature of 80 F the amount 
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of heat given off in the expired air is small 
and almost constant, but above 80F the 
rate increases rapidly to 90F and then 
starts to level off. By varying the relative 
humidity at these high temperatures, it was 
found (2) that adult chickens will survive 
at 100F if the humidity is below 30 per- 
cent. For a temperature of 95 F, the humid- 
ity should be below 60 percent, and at 90 F 
below 75 percent. If the relative humidity 
becomes higher than that indicated for a 
particular temperature, the hen will not be 
able to dissipate enough heat by vaporiza- 
tion which will result in heat prostration 
and death. 


Heat Balance On A Poultry House 


The heat balance on a poultry house as 
with any other structure can be written as 
heat in equals heat out. The first part, heat 
in, must take into account all the heat 
sources in the poultry house. It will include 
the heat production of the hens, heat equiva- 
lent of all the electrical appliances and lights 
used, heat generated in the litter, and heat 
due to solar energy. The heat production of 
the hens available for heating the structure 
has been discussed earlier in this report. 
In general 25 hens require more floor space 
than one cow but give off only one-third the 
amount of heat. Also the poultry house is 
not exactly tailored to the chicken since they 
definitely do not require 7 ft of head room. 
Since the space is large compared to the size 
of the animal, every source of heat becomes 
increasingly important. Their importance, 
however, does not make them any easier to 
compute. The electrical equivalent of heat 
is easy to compute, but it generally adds 
only a small amount, in most cases consist- 
ing of a few lights and several small motors 
on the ventilating fans or mechanical feeders. 

If the building is properly oriented, a 
large amount of heat can be gained from the 
sun in the form of solar energy. This gain 
can vary from 15 Btu per hr per square foot 
of glass to 30 Btu per hr per square foot of 
glass depending upon location, cloudiness, 
season, cleanliness of glass, etc. (16). It 
should be kept in mind that all of this gain 
will come during the daylight hours, and 
during the night the same windows that let 
in heat during the day will lose heat. This 
heat loss through the windows can be re- 
duced by double glazing or the use of storm 
windows which would almost double the 
heat retention in the building. For all 
south-facing windows under average condi- 
tions, the heat gain by solar radiation will 
always be greater than the heat loss through 
the glass whether the windows are single or 
double glass. 


The amount of heat supplied by the de- 
composition of deep litter is the hardest 
quantity to account for. Only one reference 
was found which tried to account for this 
source (16) and the amount recorded was 
found by determining all other parts of the 
heat balance equation and solving for the 
heat of decomposition. The values used were 
under actual operating conditions in an in- 
sulated 24 x 24-ft pen in a larger building 
and the heat furnished by the decomposition 
of the litter amounted to about one-fourth 
of that furnished by the birds, or 10 to 12 
Btu per hr per bird. 
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The heat outside of the heat balance equa- 
tion will contain such factors as heat loss 
through the walls and ceiling, heat loss 
through the windows including crack leak- 
age, the amount of heat lost through the 
ventilation system and the production of 
latent heat. Most of these losses can be 
obtained readily from handbooks and thus 
usually offer no problem when solving the 
heat-balance equation. To utilize fully the 
small amount of heat gains in the poultry 
house, the heat loss side of the equation 
must also be kept small which can be done 
only by proper insulation of the building. 
External factors which should be considered 
are the possible use of windbreaks to reduce 
the amount of air flow around the building 
during the winter months and the use of 
shade trees during the summer. When me- 
chanical ventilation is beng used, there is no 
need for ventilating windows. The heat loss 
can thus be reduced by using fixed windows 
which will considerably reduce the amount 
of crack leakage. 


Ventilation for the Poultry House 


The ventilation system of the poultry 
house should take into consideration both 
the winter and the summer ventilation re- 
quirements. The main objectives of ventila- 
tion during the winter months are to keep the 
moisture content of the litter down to 35 to 
40 percent, to keep to a minimum the am- 
monia fumes and other odors, to reduce the 
temperature fluctuations to a minimum, and 
to help eliminate condensation on the walls 
and ceiling. During the summer months, 
ventilation is needed to help relieve the 
build-up of heat in the building, and to keep 
a constant movement of air around the hens 
to aid evaporative cooling processes. 


The methods of ventilation of poultry 
houses can be divided into two classes, 
either natural or forced ventilation. Natural 
ventilation is an economy means and the 
construction of the building is usually in 
keeping with the ventilation system. Open- 
ings are provided in the south wall with the 
possibility of covering the openings with 
burlap or glass during inclement weather 
(18). Such a method if properly constructed 
will accomplish everything except the reduc- 
tion of temperature fluctuations. Since the 
building is open, the temperature will be 
only several degrees warmer than the outside 
air and will vary with the outside tempera- 
tures (13). During the summer months the 
results with either method of ventilation 
will be approximately the same as long as 
there is sufficient air movement for the 
natural system. 


Controlling the amount of ventilation by 
the use of fans and thermostats is more in 
line with engineering work. Most of the 
fans are installed to operate as exhaust fans 
and it is considered desirable to use either a 
two-speed fan or two separate fans. This 
will allow for a variation in the rate of 
ventilation and make it possible to have an 
almost continuous air circulation. The rates 
which have been acceptable for engineering 
work are about 1 to 14% cfm per bird for 
the low-speed amount and 3 to 4 cfm for 
the high-speed amount (10). The high 
speed amount will be used when the out- 
door temperature is high with respect to the 
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indoor temperature which is usually held to 
35 to 40 F during the winter months. The 
operation of the low-speed unit is con- 
tinuous and would be turned off only during 
extremely cold weather to conserve heat. By 
placing a thermostat control on the high- 
speed fan, its operation can be made auto- 
matic thus almost guaranteeing the proper 
indoor conditions. 

The above suggested ventilation rates de- 
pend upon such factors as the heat loss from 
the building, the amount of heat produced 
in the building, the desired indoor tempera- 
ture and humidity, the design outdoor tem- 
perature and humidity, and other factors of 
equal or less importance. To consider all 
these factors greatly complicates the design 
of the ventilation system, but for a proper 
installation they must all be considered. 
Parker (12) has constructed two nomo- 
graphs which can be used in the field for 
rapid design of poultry laying-house ven- 
tilating systems. These nomographs along 
with the design data he presents greatly 
simplify the ventilation problem. 


Space Requirements 
The space requirements for laying hens 
have been based in the past only upon ex- 
perience and observation. Until recently no 
actual tests have been made as to the space 
truly required. Table 2 shows the values 
which have long been used to determine the 
space needed (1). This table takes into ac- 
count that, if the bird density is as indicated, 
it will reduce cannibalistic tendencies, keep 
the litter moisture content low, etc. 
TABLE 2. SPACE REQUIREMENTS FOR 
HENS IN PENS 
(From reference 1) 


Smal: Breeds Large Breeds 


Area Area 
Number sq ft Number sq ft 
25 4 25 4% 
100 3% 100 4 
200 3 200 34 
400 2% 400 3%, 


In the experimental solar hen house at 
Pennsylvania State College (5) tests are now 
being conducted to determine how much 
room is actually needed for laying hens. The 
bird density has been increased by 400 per- 
cent without seriously affecting the laying 
rate of the hens. A high degree of mecha- 
nization is also being used. An automatic 
feeder built four tiers high is located along 
with the waterers and roost over a mechan- 
ical droppings-pit cleaner thus making it 
possible to remove about 75 percent of the 
total droppings. This along with the large 
solar heat intake of the building makes the 
litter dry with bird populations of less than 
one per square foot. The cost of such a 
building with all the mechanical equipment 
included is only $4.50 per bird at that high 
population, which is comparable to a more 
commonly constructed poultry building, and 
greatly simplifies the labor requirements. 
Perhaps the results of these tests will show 
a new approach to the housing requirements 
of poultry. 


Feed Requirements 

A flock of 300 good layers will eat about 
10 tons of feed a year (17) ; thus it is essen- 
tial for efficient production to keep the feed 
nearby to reduce the time consumed in 


feeding the hens. On most existing poultry 
enterprises, the time spent in feeding, water- 
ing and egg-gathering labor can be reduced 
by 50 percent by enlarging the pens, remov- 
ing partitions and rearranging equipment. 
Larger pens mean that more mechanical 
equipment can be used. In the development 
of mechanical feeders, the continuous drag- 
chain type seems to have been given the most 
attention (15). With this type of feeder, 
a 60-ft length will handle approximately 
700 White Leghorn layers, providing a feed- 
ing space of 2 in. per hen along each side of 
the feeder. Automatic waterers are also 
essential and should be so constructed to re- 
duce the amount of spillage to a minimum. 
If there is a chance of the temperature in the 
house going below freezing during the 
winter, the waterer should be provided with 
an electric heating wire to prevent breakage 
of the pipes. 

The extent to which poultry mechaniza- 
tion can take place is almost unlimited. 
Plans have been developed for an automatic 
egg machine (11), where once a week the 
farmer will go to the building housing the 
unit, take a quick check of the controls and 
place the crates of eggs, already cleaned, 
sorted and graded, in his truck to take them 
to market. 

Feed requirements of laying hens may 
be broken down as shown in Table 3. 
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TABLE 3. FEED REQUIRED BY CHICKENS OF DIFFERENT LIVE 

WEIGHTS FOR MAINTENANCE AND FOR THE PRODUCTION 

OF 0, 100, 200, AND 300 EGGS, RESPECTIVELY, PER YEAR 
(From reference 21) 


Average Total Feed R equired per Hen per Year, 


in Pounds 


Average 0 Eges 100 Eggs 200 Eggs 300 Eges 
live weight per year per year per year per year 
1.0 57 71 85 99 
4.5 61 75 89 104 
5.0 65 80 94 108 
3.5 70 84 98 112 
6.0 v4 88 102 116 
6.5 78 92 106 120 
7.0 81 96 110 124 
8.0 89 103 118 132 


Optimum Temperatures 


The work of Ota et al (19) indicates that 
the optimum temperature for egg production 
is in the range 50-60 F (5 to 16 Rhode 
Island Reds). Increasing temperature causes 
decreasing production. Low temperature is 
not particularly harmful unless low enough 
to freeze the comb and wattles. 


Baby chicks are commonly started at 95 F 
when one day old; the temperature is then 
dropped Sdeg per week until 70F is 
reached. This control of temperature is fur- 
nished by a brooder of some type. 
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Environmental Research with Dairy Cattle 


of environment on cattle fall in two gen- 

eral categories, field studies and labora- 
tory studies. Findlay (21)* summarized the 
results from approximately 100 references 
concerning the effects of environment on 
farm animals and this report involved the 
review of some 180 more references. Most 
were obtained from the “Bibliography of 
Agriculture.” These references by no means 
represented all research work in the field. 
Some references were not available to the 
reviewer; others probably were obscured by 
misleading titles, and, of course, results of 
some studies have not been published. 


Effect of Climate On Milk Production 


Hancock (28) wrote an excellent review 
of literature concerning the effect of climate 
on milk production. He divided the liter- 
ature into that which concerned the effect of 
low temperatures and into that which con- 
cerned the effect of high temperatures. He 
also differentiated between field studies and 
psychrometric room studies by treating each 
as separate subheadings under the two tem- 
perature headings. 


[ ‘cr erwisonment on concerning the effect 


Field studies concerning the etfect of cold 
on milk production were somewhat countra- 
dictory. Hancock's report lists Davis (13), 
Popoff (64), Kelley and Rupel (42), and 
Sementovskaya and Garkavi (79) as report- 
ing losses in milk production at low tem- 
peratures. The latter reference reported a 
26 percent loss in milk yield but that this 
loss was prevented through supplementary 
feeding. The reports of Buckley (10), Dice 
(15, 16), and Witzel and Barrett (94) indi- 
cated no milk production losses with cold. 
The latter reported results from an open-pen 
barn wherein air temperatures dropped as 
low as —20F. 


Studies at the Psychroenergetic Laboratory 
(Ragsdale et al, 67,68) showed a breed 
difference in regard to cold tolerance. The 
Holstein cattle withstood continuous expos- 
ure to temperatures as low as 10 F without 
a decline in milk production. Jersey's pro- 
duction, on the other hand, began to drop at 
30 F. Hays (30) in a short-term experiment 
with controlled temperature conditions and 
with two unacclimated Jersey cows found 
that a drop in temperature from 61 to 27 F 
increased butterfat percentage from 5.4 to 
6.0 percent. The psychroenergetic studies 
(12 and 57) also showed increased percent- 
ages of butterfat at temperatures below 
freezing. Solids-not-fat among both Hol- 
steins and Jerseys and lactose among Jerseys 


Report prepared for the special use of the 
Technical Advisory Committee on Plant and 
Animal Husbandry jointly sponsored by the 
American Society of Agricultural Engineers 
and the American Society of Heating and Air 
Conditioning Engineers, March 1958 (revised 
December 1958). 

The author — R. G. Yeck — is Agricultural 
engineer, U.S. department of agriculture, Co- 
lumbia, Missouri. 


*Numbers in parentheses refer to appended 
references. 
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decreased with cold, but total nitrogen in- 
creased with low temperatures. Other con- 
stituents were hardly influenced. 


Ragsdale et al (70) reported no change 
in milk production that could be attributed 
to humidity at 11 to 17 F air temperatures. 
Relative humidities in those tests ranged 
from 62 to 84 percent. Brody et al (6) re- 
ported no significant effect of up to 10-mph 
winds on milk production at 18 and 50 F. 
Brody et al (7) observed no effect of radia- 
tion (from fluorescent and incandescent 
lamps) on milk production at 45 F. Ra- 
diation was continuous for one week at each 
of several levels up to 180 Btu per sq ft per hr. 


The effects of high temperatures on milk 
production and composition that were ob- 
served in most field studies were generally 
confounded by seasonal changes in feed. 
However, Speir (80) noted lower milk yields 
and butterfat contents with barn tempera- 
tures above 50 F. Kelley and Rupel (42) 
with Guernsey and Holstein cows concluded 
that an optimum stable temperature would 
be about 50F and reported that tempera- 
tures up to 65 F slightly increased produc- 
tion but reduced butterfat. Haarlass (26) 
observed similar results in a double reversal 
trial was 18 Dutch Friesian cows. He con- 
cluded that 50 to 60 F stable temperatures 
were optimum. Hancock and Payne (27) 
with six sets of identical twin calves that 
were split between Fiji (average maximum 
temperature equal 85 F) and New Zealand 
(65 F) found markedly lower production 
among the cows that were reared and 
milked in Fiji. All were fed identical diets. 
Considerable variation among sets of twins 
was observed. 


Hancock (28) lists the following as re- 
porting, as a result of field studies or sur- 
veys, a depression of butterfat during sum- 
mer months: Eckles (18), Ragsdale and 
Turner (65), Weaver and Matthews (91), 
Brooks (9), Houston and Hale (33), Jacob- 
son (35), Heinemann (31), and Davis ef al 
(14). Some of these investigators also 
studied the solids-not-fat content of milk 
and found it lower during summer months. 
Studies in controlled-temperature rooms also 
clearly indicate that high temperatures de- 
press butterfat and solids-not-fat—Cobble and 
Herman (12), and Merilan and Bower (57). 


A dramatic effect of high temperatures on 
milk production is given by Espe (20) who 
cited the loss in milk production of a record- 
producing Holstein cow (which established 
a world record in 1942) during a heat wave 
while she was on exhibition in Seattle, 
Wash. With no change in her ration, her 
production dropped from 142 to 98 Ib per 
day during the heat wave and stayed there 
for 5 days. Ten days after the return of 
cooler weather her production rose to 131 
Ib per day. 

Controlled environmental conditions as 
provided by climatic or psychrometric rooms 
are considered most desirable for the study 
of the effect of high temperature on milk 


production. Hancock (28) quoted experi- 
ments by Hays (30), Bartlett (1), Regan 
and Richardson (71), Riek and Lee (74), 
and Lee (52) but placed major emphasis 
on the results of work at the psychroener- 
getic laboratory at Columbia, Mo., Ragsdale 
et al (66, 67, 68, and 69). The psychroen- 
ergetic laboratory studies although limited 
to 12 cows in each test had several tests 
within the zone of high temperatures. These 
studies clearly indicated that high tempera- 
tures depressed milk production. They fur- 
ther showed that high humidities—Ragsdale 
et al (70) —accentuated the deleterious effects 
of high temperatures. The production losses 
with continuous exposure to 95 F and 45 
percent relative humidity were about the 
same as they were in a similar test at 85 F 
and 90 percent relative humidity. Holstein 
production dropped about 30 percent, Jersey 
about 25 percent, and Brown Swiss about 
20 percent. Brody et al (6) reported very 
little benefit from wind at 80 F but definite 
benefits at 95 F in studies that followed the 
humidity test. Working with individual pro- 
duction records of the 3 Brown Swiss, 3 
Holstein, and 3 Jersey cows of this experi- 
ment, and making an estimate of the normal 
lactation decline, 5 and 10 mph winds were 
noted as recovering 10 percent of normal 
milk production that was otherwise lost dur- 
ing continuous exposure to an 85 F tem- 
perature and 65 percent relative humidity 
(air velocity equal 0.5 mph). The 5 and 
10 mph winds were even more beneficial 
at 95 F. 


Radiation as provided by incandescent and 
fluorescent lamps (simulating solar heat) in 
the psychroenergetic laboratory was reported 
by Brody et al (7) as also accentuating the 
deleterious effects of high temperatures. 
Continuous exposure to a radiation level 
of 180 Btu per sq ft per hr caused a decline 
in milk production at temperatures as low 
as 70 F. 


The foregoing psychroenergetic laboratory 
studies were under constant temperature con- 
ditions. Later tests in this laboratory, Brody 
et al (8), showed that diurnal temperature 
ranges, much like those that might be found 
in various areas of the world, were com- 
parable to the effects under constant tem- 
perature conditions, the average temperature 
during the diurnal being used for purposes 
of comparison. A daily range of 70 to 100 F 
(average temperature, 85 F) had an effect 
on milk production similar to that experi- 
enced at 85 F constant temperature. Of in- 
terest was the fact that a 50 to 110F di- 
urnal (average temperature equal 78 F) was 
less deleterious than the 70 to 100 F diurnal 
cycle and that a 40 to 110 F cycle (average 
temperature equal 66 F) appeared to cause 
very little drop in milk production. 


The Louisiana Agricultural Experiment 
Station has compared animal reactions under 
field conditions with those in a controlled- 
temperature environment. Johnston ef al (39) 
reported that 10 Holstein cows held in a con- 
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trolled temperature room for 8 hr each day 
at 82 F and 21mm of Hg vapor pressure 
did better than two other groups of 10 Hol- 
steins each that remained outside. Shades 
were available to the outside groups. The 
average outside maximum temperature dur- 
ing the test was 92 F (vapor pressure equal 
18mm Hg). All animals were together on 
the same night pasture and received chopped 
green forage or silage during the day. In 
another test, Vizinat et al (89) reported 
that repeated alternate exposures to two 
weeks at high temperatures (95F for 8 
hr during the daytime and 75F for the 
remainder of the day) followed by two 
weeks at a cool temperature (75 F, vapor 
pressure equal 25 mm Hg) caused losses in 
weight and milk production among Hol- 
steins but not among Holstein-Sindhi cross- 


breds. 


The foregoing would indicate that cross 
breeding for heat tolerance might be the 
solution to the problem of high tempera- 
tures. However, the level of production is 
generally low among heat-tolerant Indian 
and African breeds—Joshi and Phillips (40), 
Joshi et al (41). The over-all level of 
production of their progeny is generally 
lower than that of European breeds with 
which they are crossed. Frye et al (24) re- 
ported such an experience with Red Sindhi- 
Holstein (F,) cows. They pointed out that 
selection for production was very limited. 

Shades have been found beneficial for beef 
animals, Ittner and Kelly (34), and are used 
by many dairymen. Rusoff et al (75) found 
that sprinkling plus shade was correlated 
with greater milk production than was ob- 
served under shade alone. Tests were con- 
ducted about two months during each of 
three summers. Both reversal and continu- 
ous types of experimental designs were 
used. The production of Holstein cows with 
shade plus sprinkling ranged from 0.8 to 
5.5 lb per day more than with shade only. 
The benefits to Jersey cows were slightly less. 


Miller and Henning (58) observed marked 
breed differences in milk production among 
five dairy breeds in Puerto Rico (average 
temperature equal 84.6 F with 63.8 percent 
relative humidity) as well as seasonal dif- 
ferences. Erb and Shaw (1953) in a field 
study with 19 Holstein cows reported 
definite seasonal variations also. However 
the feed in neither of the rwo later examples 
was held constant. In Louisiana field studies, 
Branton et al (3) with 14 Holsteins and 
15 Jerseys correlated outside temperatures 
(range of maximum temperature equal 65.5 
to 95.0 F) and reported a 2.14-lb per day 
drop in milk (4 percent FCM) for each 1 F 
rise in body temperature. They reported that 
Holstein body temperatures ranged from 
102 to 106.1 F on days of 90 to 95 F maxi- 
mum temperatures. Corresponding Jersey 
temperatures ranged from 101.4 to 106.0 F. 


Lee (54) recommended that protection be 
afforded milk cows in the Beltsville, Md., 
area when temperatures rose above 66 F in 
open fields and 71 F in open barns. Rusofft 
et al(75) in a well-designed experiment 
observed benefits of 0.8 to 5.5lb per day 
extra milk with Holsteins from sprinkling 
plus shade as compared with shade alone 
during three summers in Louisiana. (Aver- 
age maximum temperature for each two- 


month test period ranged from 86.4 to 
92F.) The benefits with Jerseys were 
slightly less. However, in Oklahoma, Nel- 
son et al (61) found no advantage in an 
evaporatively cooled shelter as compared 
with an open-front barn. 


Effect of Climate on Growth 


There is very little information concern- 
ing the effect of climate on growth of dairy 
calves. Yet mortality among dairy calves is 
high, about 20 percent (Groth and Esmay, 
25). Infectious agents are probably the pri- 
mary cause, but the climate could well be a 
predisposing factor. The foregoing reference 
states that young calves are very susceptible 
to sudden temperature changes and cold 
drafts. However, Witzel and Heizer (95) 
reported that the only effect of cold weather 
on young calves in a Wisconsin loose-hous- 
ing system where the barn temperatures oc- 
casionally dropped below 0 F was partially 
frozen ears. Fourt and Cleveland (23) also 
reported success with raising calves in an 
Idaho loose-housing system. 

Warwick (90) quoted work at Missouri 
(Ragsdale et al, 1957) and the work of 
Hancock and Payne (1955) concerning the 
growth of calves at high temperatures, 
wherein initial exposures were made after 
one month of age. In the Missouri study 
an 80F environment depressed the growth 
of Shorthorn calves by 0.5 Ib per day over a 
one-year period. Similar dairy calf tests at 
Missouri (Johnson et al, 36) showed Hol- 
stein calves to gain about 0.2 lb per day more 
at 50 than at 80F. Jersey calves also did 
slightly better at 50 than at 80 F. However, 
Brown Swiss calves did better at 80 than at 
50 F. The study of Hancock and Payne 
showed poorer weight gains for one of each 
pair of several pair of monozygotic twin 
Jersey heifer calves that were raised in the 
hot climate of Fiji than were observed for 
the mates of each pair that were raised under 
identical conditions of feed and management 
in New Zealand. 


Effect of Climate Upon Reproduction 


One of the most common events ascribed 
to the effect of hot climates on domestic 
animals is a reduction of fertility (Lee, 53). 
Cattle are evidently no exception. Bonsma 
(2) reported seasonal fluctuations in both 
conceptions of cows and fertility of bulls 
among cattle in South Africa. Erb et al (19) 
reported that the Purdue University dairy 
herd had the lowest number of conceptions 
per service during the month of August. 
Schindler (76) reported that in the subtrop- 
ical climate of Israel fertility is depressed 
beginning in June and continuing until 
October. 

Schindler cited studies in Nebraska (Mor- 
gan and Davis, 59) (Schultze et al, 77), in 
Indiana (Erb e¢ al, 1942), in Missouri 
Weeth and Herman, (92), and in Maryland 
Hilder et al (32) and Phillips et al (63) as 
showing the peak of fertility to occur in the 
spring and the minimum between June and 
September. Seath and Staple (78) reported 
that the lowest breeding efficiencies oc- 
curred in two Louisiana dairy herds during 
the summer months. Some of these authors 
express an opinion that high temperatures 
are a factor. Branton et al (4) report that 
the duration of heat periods were 5 to 6 
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hr shorter in Louisiana than in temperate 
regions. 

Although there may be other possible 
causes, the effect of high temperatures on 
the quality and quantity of semen during 
various seasons apparently is receiving wid- 
est attention. Johnston and Branton (37) 
correlated decreased motility with increasing 
temperature. Johnston and Branton (38) 
also reported that the largest number of re- 
turns for breeding occurred during the peak 
temperature season in Louisiana. Casady 
et al (11) exposed four Guernsey bulls to 
high temperatures in a controlled-tempera- 
ture environment. After exposure to 99 F 
motility was decreased and there were in- 
creased abnormalities. After exposure to 
100 F one bull had no sperm in its ejac- 
ulates for two weeks. Another had no sperm 
for five weeks after exposure to only 86 F. 
It took about two months for these bulls to 
return to normal. The youngest bulls were 
most affected. In another controlled environ- 
ment study (Kellgren, 43) with 2 Holstein, 
1 Jersey, 2 Sindhi-Holstein, and 2 Sindhi- 
Jersey bulls, a temperature cycle of 75 to 
95 F (vapor pressure equal 22 mm Hg) ad- 
versely affected the sperm of all bulls. It re- 
quired five weeks for the sperm to return to 
normal. Naelapaa et a/ (60) in a similar 
study found that Sindhi crosses of Brown 
Swiss and of Holsteins were affected less 
than purebred Jersey and Holstein bulls. 
Patrick et al (62) reported that the semen 
of dairy bulls appeared normal when the 
bulls were housed in an 80 F environment. 


Effect of Climate on Body Temperature 


Rectal or other body temperature measure- 
ments are included in most environmental 
studies. Lee (53) states that the concentra- 
tion upon body temperature as the criterion 
of heat tolerance assumes that the disturb- 
ance to other functions, including produc- 
tion, will be proportionate to disturbances 
of body temperature but that the time may 
come when this view may be modified. 
Rhoad (72) developed the Iberia heat toler- 
ance test for cattle. It was based on rectal 
temperatures and the formula was as follows: 


Heat tolerance 
coefficient = 100—10( BT—101.0) 

in which BT is the average of six rectal 
temperatures and 101.0 is a normal rectal 
temperature of a cow in degrees Fahrenheit. 

Actually normal rectal temperatures vary 
over a wide range even within the zone of 
thermoneutrality. Dukes (17) gives the 
average temperature of a dairy cow as 
101.5 F with a range of 100.4 to 102.8 F. 
Young dairy calf rectal temperatures average 
about 1F above those of mature cattle. 
Brody (5) states that death usually follows 
when rectal temperatures exceed normal by 
about 8 F. However, milk production may 
decline when rectal temperatures rise as 
little as 1 F above normal. 

Rectal-temperature measurements by Kib- 
ler et al (44, 46, 48, 49, 50 and 51) pro- 
vided an excellent example of the response 
of Holstein, Jersey, and Brown Swiss cattle 
to prolonged exposures at several combina- 
tions of temperature, humidity, wind, and 
radiation. These tests showed that rectal 
temperatures respond rapidly to increasing 
environmental temperatures. (The lag ranged 
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. . . Environment for 
Dairy Cattle 


from one to three hours.) The return to 
normal rectal temperatures with decreasing 
environmental temperatures was somewhat 
slower. In these tests rectal temperatures re- 
mained normal during two weeks of ex- 
posure at both 0 and 75 F constant air tem- 
peratures. However, with air temperatures 
above 75 F, they began increasing at an in- 
creasing rate — 102 F with an 80 F air tem- 
perature and about 108 F at 105 F air tem- 
perature (relative humidity ranging from 55 
to 70 percent). The maximum duration of 
exposure at 105 F was 9 hr. 

Most experimental data show that the 
rectal temperature of one animal may differ 
considerably from that of another at any 
given high-temperature stress condition even 
among animals of the same breed. The Mis- 
souri tests reported differences among ani- 
mals within a breed of more than 2 F at air 
temperatures above 85 F, the size and level 
of production being the same —Kibler e¢ 
al, (45). 

Kibler et al (50) reported that high hu- 
midity accentuated the rise in rectal tempera- 
tures at air temperatures above 75 F. As 
much as a 2F drop in rectal temperature 
was recorded when lowering the relative 
humidity from 81 to 60 percent at 95 F. 
Kibler et al (51) reported benefit from 
fans. At 95 F and with lactating Holstein 
cows, the 10 mph air movement from the 
fans lowered rectal temperatures by about 
2F from those observed with 0.5-mph air 
movement. 

Increasing the radiation from 5 to 180 
Btu per sq ft per hr with a combination of 
incandescent and fluorescent lamps caused 
the rectal temperatures of three of six lac- 
tating Holstein cows in an 80 F environment 
to increase about 3 F, but those of the other 
three Holstein cows under identical treat- 
ment increased very little. Some radiation 
effect was observed with two of the six Hol- 
steins when they were exposed to 70 F air 
temperatures — Kibler (51). 

Although most of the foregoing rectal- 
temperature data were from one station, 
they are in reasonably good agreement with 
results that have been reported in numerous 
other references. With humidity a very 
important high-temperature consideration, 
many earlier references may be misleading, 
unless the relative humidity at which they 
were conducted is considered. Short-term 
exposures of less than one day have been 
studied by several investigators. Short-term 
exposure tests by McDowell, Fohrman, and 
Lee (55) were in reasonably good agree- 
ment with the long-term exposure tests of 
the Missouri laboratory. 
Rectal-temperature measurements of calves 
at high temperatures and various humidities 
by Riek and Lee (74) indicated that calves 
could not withstand high air temperatures 
as well as mature cattle. 


Effect of Environment on Skin 
and Hair Temperatures 


Findlay (21) pointed out that little was 
known of the role of the animal's skin and 
hair in the dissipation of heat but that he 
regarded skin temperatures as an important 
measurement. Both hair and skin tempera- 
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tures have been measured under various 
combinations of temperature and humidity 
at the Missouri laboratory —’ Thompson, 
Worstell, and Brody (84 and 85), Thomp- 
son, Yeck, Worstell, and Brody (87), and 
Stewart and Brody (81). Their results 
showed that skin temperatures increased 
from about 80 F at 5 F air temperatures to 
about 102F at 100F air temperatures. 
Thereafter, skin and rectal temperatures 
tend to parallel one another with rectal tem- 
peratures averaging about 2F above skin 
temperatures. Hair temperatures, of course, 
are affected by length and density of coat 
as well as body and air temperatures. Gen- 
erally, hair temperatures increased from 
about 50 F at 5 F air temperatures to about 
101 F at 100F air temperatures. Shortly 
thereafter they increased above skin tem- 
peratures and were practically coincident 
with room air temperatures. 

Stewart and Brody (81) in measuring the 
reflectance of hair noted a decreasing absorp- 
tion factor with rising temperatures and 
lighter color of hair among some animals 
with increasing temperatures. 


Effect of Environment on Feed 
and Water Consumption 


Winchester and Morris (93) prepared an 
excellent summary of research concerning 
the effect of environment on the water re- 
quirements of cattle. Generally water con- 
sumption for a given animal remains con- 
stant as air temperatures increase from 10 to 
50 F but increases at an increasing rate as 
temperatures increase above 50 F. Water 
consumption very nearly doubles as tem- 
peratures increase from 80 to 95 F. The 
exact quantities of water consumed vary 
tremendously with individuals. Thompson, 
Worstell, and Brody (82) cite water con- 
sumption rates of three Jersey cows of sim- 
ilar size, stage of lactation, and under iden- 
tical environmental conditions (95 F) and 
management of 40, 25, and 14 gal per day, 
respectively. Similar differences among these 
three animals were apparent at air tempera- 
tures of 85, 90, 100 and 105 F. 

The moisture content of feed, body 
weight, level of milk production, butterfat 
composition of milk, and stage of gestation 
were expressed as affecting water consump- 
tion in the Winchester and Morris summary. 
Their summary presents a table that might 
well be used to draft a curve of water con- 
sumption versus environment. 

Feed consumption has been studied under 
various environmental conditions both in 
field and in laboratory studies. The labora- 
tory at the University of Missouri provided 
controlled conditions of temperature and 
humidity with exposures at each condition 
that were of sufficient duration to provide 
good data concerning the effects of environ- 
ment on feed consumption. A summary of 
the first few years of tests in this laboratory 
was prepared by Worstell and Brody (96). 
Decreasing environmental temperatures from 
40 to 8F were associated with increased 
feed (TDN) consumption of 26 percent in 
Jerseys and 8 percent in Holsteins. This 
represented a decreasing efficiency of milk 
production relative to feed consumption, as 
there was a normal decline in lactation as 
the temperatures were lowered. Some com- 
pensation for lowered milk production was 
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realized through some body weight gain 
during this period. As the temperatures in- 
creased above 50 F, there was little change 
in TDN consumption until rectal tempera- 
tures began increasing. When rectal tem- 
peratures began increasing, feed consump- 
tion, as did milk production, dropped off 
sharply. 

Other results from the Missouri labora- 
tory — Ragsdale, Thompson, Worstell, and 
Brody (70), Brody, Ragsdale, Thompson, 
and Worstell (7) — showed that humidity, 
wind, and radiation affected feed consump- 
tion much as they affected milk production 
during tests that caused rectal temperatures 
to rise. Their data generally show milk pro- 
duction to begin declining slightly sooner 
and at a sharper rate than feed consumption 
at the onset of high temperatures. 


Effect of Environment on Other 
Physiological Reactions 


The significance of other physiological 
measurements, such as respiration rate, pulse 
rate, pulmonary ventilation rate, blood pres- 
sure, electrocardiograms, thyroid activity, 
blood composition, urine composition and 
volume, and activity of cattle are discussed 
by Brody (5) and Findlay (21). None of 
these are presently being considered as a 
better index of animal comfort than rectal 
temperature. They are primarily of value to 
the physiologist for purposes of evaluating 
the mechanisms of homeothermy or as in- 
dexes of heat tolerance. A paper by Mc- 
Dowell, Lee, and Fohrman (56) provides an 
insight into background considerations for 
the use of respiratory activity as an index 
of heat tolerance. They concluded that res- 
piratory volume was a more sensitive index 
of heat tolerance than respiratory rate. 


Mechanisms and Magnitude 
of Heat Dissipation 


Thompson, McCroskey, and Brody (83) 
presented data showing the percentage of 
total heat production that was lost by the 
vaporization of all water from the cow’s 
body (the respiratory tract plus the outer 
body surface). At 0 F only about 8 percent 
of the total heat production was dissipated 
through vaporization of water. This per- 
centage increased gradually up to 20 percent 
at 50 F and thereafter rose rapidly to about 
100 percent at 100F. Kibler and Brody 
(46) presented data showing partitioning 
of evaporative cooling between outer body 
surfaces and the respiratory tract. The 
respiratory surfaces accounted for about 5 
percent of total heat production at 5 F with 
the percentage increasing up to about 20 
percent at 90 F and thence up to 25 percent 
at 95 F. The outer body surfaces accounted 
for the major portion of evaporative cool- 
ing among the Holstein and Jersey cows. 

The foregoing tests were conducted under 
circumstances where the room-surface tem- 
peratures equalled the air temperatures. 
There are conflicting opinions in regard to 
the method by which vaporization occurs. 
However, Findlay (22) and his associates, 
Goodall and Yang, determined that cattle 
have sweat glands which are active. The de- 
gree to which they function remains a ques- 
tion and the consideration of vaporization 
from the skin of cattle as a diffusion proc- 
ess retains favor among some physiologists. 
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Although heat loss by radiation is con- 
sidered as occurring among cattle, no evi- 
dence of the experimental evaluation of its 
relative role in heat dissipation was found 
in literature. 


Heat production literature may be divided 
into that which pertains to heat production 
of individual animals as measured through 
measurements of oxygen consumption and 
into heat dissipation from groups of animals 
and their environment as determined through 
ventilation exchange measurements. The 
results of tests concerning the latter in 
the Climatic Laboratory at the Missouri 
Agricultural Experiment Station _ by 
Thompson (86, 88) showed that total 
heat production (Btu per 1000 lb of 
body weight per hour) decreased with in- 
creasing temperature from about 3800 at 
10 F to about 3000 at 80 F and dropped off 
more rapidly thereafter to slightly less than 
2500 at 95 F. The latent heat portion of 
this heat load, however, increased with in- 
creasing temperature from about 600 (Btu 
per 1000 lb of body weight per hour) at 
10 F to about 1300 at 65 F and thence more 
rapidly, increasing to about 2400 at 90 F. 
Increasing stable relative humidity from 40 
to 90 percent slightly increased total stable- 
heat dissipation but slightly decreased the 
latent heat portion of the total. Increasing 
the air velocities over the cows from 0.5 
to 10 mph increased total heat loads at tem- 
peratures below 65 F (by about 25 percent 
at 20 F) but had no effect above 65 F. The 
latent heat portion of the load was changed 
only slightly with the increased air velocities. 


Metabolic heat production and measure- 
ments with individual animals receiving full 
feed and under various constant-temperature 
conditions were reported by Kibler and 
Brody (45, 46 and 48). Their data show 
trends similar to those of the foregoing 
stable-heat dissipation tests, decreasing at a 
rate of about 8 Btu per 1000 Ib body weight 
per hour for every 1F rise in air tempera- 
ture between 10 and 80F. Worstell and 
Brody (96) pointed out that the metabolic 
rates began to drop more sharply with in- 
creasing temperature when rectal tempera- 
tures of these cattle rose. A correlation by 
Yeck and Stewart (97) of metabolic heat 
production and total stable dissipation 
among the cows tested showed that meta- 
bolic heat production accounted for about 75 
percent of the total stable heat dissipation. 


Evaporative heat loss measurements with 
individual animals among the laboratory 
group from which the stable latent heat 
loads were obtained were also summarized 
by Yeck and Stewart (97). Their summary 
indicated that slightly more than 50 percent 
of the stable moisture load was vaporized 
directly from the animal’s body. 
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HIS review of literature published in 
recent years deals with certain en- 
vironmental and climatic effects on 


performance and physiological responses of 
beef cattle. The emphasis is on hot weather 
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climatic effects because these seem to have 
been of more concern than cold weather 
climatic effects. It seemed desirable to clas- 
sify this review according to the general 
headings of (a) ambient temperature effects, 
(b) radiation effects, (c) humidity effects, 
and (d) shelter and management effects. 
Ambient Temperature Effects 

Body Temperature. Findlay (4) * cited the 
data, Table I, from others on the body tem- 
peratures of Angus and Hereford cattle at 
air temperatures from 50 to 100 F. 


*Numbers in parentheses refer to appended 
references. 
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TABLE I 
Air Body Temperature, F 
Temperature, F Angus Hereford 
50 101.0 101.0 
81 102.9 102.2 
84 103.0 102.8 
90 104.2 102.8 
100 106.2 103.4 


Ragsdale, et al (18) found that the aver- 
age rectal temperature of calves: reared at 
50 and 80 F, respectively, differed by about 
0.4deg for Brahman cattle, 0.3 deg for 
Santa Gertrudis and 2.1 deg for Shorthorns, 
with the higher values prevailing at 80 F. 
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Findlay (4, p.22) gave results on the 
effect of air temperature on rectal tempera- 
tures of Aberdeen Angus cattle, Brahman, 
and Aberdeen Angus-Brahman crosses. 
When the atmospheric temperature was 
above 50F and under exposure to solar 
radiation, there was a significant and gen- 
eral increase in the rectal temperature with 
air temperature within each of the breeds 
or crosses. The Brahman cattle maintained 
body temperatures at a more uniform level, 
and the Aberdeen Angus at a less uniform 
level than the crosses. 


Age of animal seemed to affect response 
to high environmental temperatures. Find- 
lay (4,p.29) concluded that calves could not 
withstand as high air temperatures as cows. 


Experiments on the effect of high en- 
vironmental temperatures on body tempera- 
tures of approximately 366 beef cattle at 
McGregor, Texas, have been reported by 
Cartwright (3). A chamber large enough 
for several pens was maintained at a tem- 
perature of about 105 F plus or minus 2 deg. 
The cattle were Herefords, Brahmans, Santa 
Gertrudis, some crosses of Herefords with 
Brahmans, and a few Red Polls. They were 
maintained for eight-hour periods in the 
chamber at 105 F. Body temperatures of 
the cattle in the chamber were correlated 
with chamber respiration rate with a cor- 
relation coefficient of 0.52 over all and 0.29 
within breeds or sexes. Both of these 
coefficients were significant at the 0.01 prob- 
ability level. Also body temperatures of the 
cattle as measured in the heated chamber 
were correlated with summer gain with 
negative correlation coefficients (both sig- 
nificant) of 0.22 over all and 0.17 within 
breeds or sexes. Body temperature in the 
heated chamber was significantly affected by 
differences in age, sex, and breed or cross. 


Surface Temperature. Stewart and Shank- 
lin (19-b) measured changes in skin and 
hair surface temperatures of Shorthorn, 
Brahman, and Santa Gertrudis cattle raised 
for 134% months at constant air tempera- 
tures of 50 and 80F. Skin temperatures 
decreased and hair temperatures increased as 
body weight increased for Brahman and 
Santa Gertrudis cattle raised at 80 F. How- 
ever, main body skin and hair temperatures 
both decreased with increasing weight for 
all breeds raised at 50F. The constant- 
temperature periods of growth were found 
to have no effect on subsequent response to 
other environment temperatures, as regards 
skin and hair temperatures. 


Pulse Rate. Findlay (4) concluded that 
an increase in atmospheric temperature 
caused a decrease in the pulse rate of cattle. 
This is the reverse of the effect that occurs 
with man. However, there is a critical tem- 
perature or heat load at which the down- 
ward trend is reversed. Normal pulse rate 
of cattle is thought to be about 60 to 70 
beats per minute but is influenced by indi- 
vidual differences and by age. Young cattle 
have rates of about 70 to 90 beats per 
minute. Cartwright (3) found that at an 
environmental temperature of 105 F pulse 
rate depended on sex and breed. 

Respiration Rate. Marked differences ex- 
ist in the effects on respiration rate of 
ambient temperature because of differences 
in breeds, according to Findlay (4, p. 38- 


39). Above 80F predominantly Aberdeen 
Angus cattle sharply increased their respira- 
tion rate to 110 counts per minute or more 
at temperatures of 99 to 102 F. Pure Aber- 
deen Angus had respiration rates of above 
150 counts per minute. Cattle which had 
one-half or more Brahman blood main- 
tained more uniform respiration rates with 
a maximum of about 60 for half-and-half 
Brahman and Angus, and about 45 for pure 
Brahmans. Respiration rate was significantly 
affected by differences in breed and sex — 
Cartwright (3). Vernon et al (24) found 
that a highly significant correlation existed 
between respiration rates and rectal tem- 
peratures for cattle including Brahmans, 
Afrikander-Angus crosses, Brahman-Angus 
crosses, and Aberdeen-Angus yearling, 2-year 
old, and 3-year old and older cows. Values 
of r were significant and ranged from 0.5 
to 0.6 for all but the mature Brahman cows. 
No significant correlation existed between 
respiration rates and production as measured 
by weight at birth, at 6 months and 5 years 
of age, either of a beef cow or her progeny 
of these same ages. 


Kibler and Brody (11) found that the 
mean respiration rates were higher at an 


1,000 Ib of body weight, respectively, at 
50 and 80 F. 

According to McDowell (15), based on 
findings at the Missouri climatic laboratory, 
Shorthorn heifers had higher surface evapo- 
ration rates than either Santa Gertrudis or 
Brahman heifers. However, surface evapo- 
ration by Brahman cattle continued to rise 
with increased air temperature. Shorthorn 
cattle exhibited little or no change in trans- 
piration above 80 F. Findlay (4, pp. 83-84) 
from data by Rhoad, found that the amount 
of water transpired through skin on the 
back and side surfaces of predominantly 
Aberdeen-Angus cattle increased about nine- 
fold when air temperature increased from 
about 55 to 90 F. For cattle with one-half 
or more Brahman blood, the increase was 
about five-fold. 

Growth. Results from growth experi- 
ments in the Missouri climatic laboratory 
with Santa Gertrudis, Shorthorn, and Brah- 
man cattle have been reported by Ragsdale 
et al (18). Growth data were fitted to an 
exponential growth curve of the form 
W=A—Be-%t where W is body weight in 
pounds at age ¢ in months. The constants 
obtained are listed in Table 2. 


TABLE 2. GENETIC GROWTH CONSTANTS 


Temperature Predicted mature 
of environment Breed weight (A) lb B (lb) K 

80 F Santa Gertrudis 1500 1520 0.053 
Shorthorn 1300 1400 0.045 

Brahman 1300 1270 0.058 

50 F Santa Gertrudis 1500 1590 0.064 
Shorthorn 1500 1570 0.052 

Brahman 1300 1270 0.053 

Open shed Santa Gertrudis 1500 1550 0.054 
Shorthorn 1500 1575 0.046 

Brahman 1300 1445 0.060 


80 F environment than at 50 F by 9.8 counts 
per minute in Brahman heifers, 19.1 for 
Santa Gertrudis, and 43.7 for Shorthorns. 
The mean respiration rates at 80F were 
31.9 for Brahmans, 47.6 for Santa Gertru- 
dis, and 98.1 for Shorthorns. These meas- 
urements extended over an eight-month 
period on individuals kept in the climatic 
laboratory at Missouri. 


Moisture Production and Transpiration. 
Experiments by Yeck (25) with Santa Ger- 
trudis, Brahman and Shorthorn calves in a 
climatic chamber at 50 F and 80 F, respec- 
tively, indicated that stable moisture pro- 
duction increased rapidly day by day during 
the first three months. Stable moisture pro- 
duction at 50 F was only about 50 to 60 
percent of that at 80 F environmental tem- 
perature. Stable moisture was moisture dis- 
sipated by the animals, their bedded area, 
and watering devices. Stable-moisture pro- 
duction rate increased about 20 percent 
during the one-week interval between clean- 
ing at 80F, whereas at 50 F, stable mois- 
ture production rate increased only about 
11 percent. At 25 weeks of age, moisture 
dissipation from the bedded area was 0.75 lb 
per hr per 1,000 Ib of body weight at 50 F; 
and 0.83lb per hr per 1,000 lb of body 
weight at 80 F. At 65 weeks of age, these 
values were 0.36 and 0.41 lb per hr per 
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Brahman and Santa Gertrudis cattle grew 
well at the 80 F environmental temperature. 
The less tolerant Shorthorns made relatively 
poor growth gains at 80F. At sixteen 
months of age, the Shorthorns were about 
200 lb lighter in body weight than the other 
breeds. The Brahmans did not do quite as 
well at 50 F as at 80F. In a companion 
experiment with these same breeds in an 
open shed, all breeds made normal growths. 


O'Bannon et al (17) found that Brahman 
heifers grew more rapidly under a constant 
environmental temperature of 80 F than at 
50 F. Santa Gertrudis grew equally well at 
50 F and 80 F. Breed differences in growth 
rate were closely associated with breed dif- 
ferences in structural peculiarities that gave 
the more tolerant breeds a larger surface 
area per unit weight and larger vascularity 
of some organs. Shorthorn cattle grew 40 


to 50 percent more rapidly at 50 F than at 
80 F. 


Feed and Energy Use. Kibler et al (12) 
made comparisons of the energy metabolism 
and the TDN consumption for ages of 3 
to 15 months for Brahmans, Santa Gertrudis 
and Shorthorn heifers at constant temper- 
atures of 50 and 80F. At both of these 
temperatures, the energy cost in calories per 
pound of gain was lowest in the Brahmans 
and highest in the Shorthorns. For all 
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. . « Environment for 
Beef Cattle 


breeds, the energy cost per pound of gain 
was less at 50 F than at 80F. The mean 
energy metabolism over a one-year period 
in units of calories per pound of gain was 
5,340 for the Brahmans, 5,550 for the Santa 
Gertrudis and 5,590 for the Shorthorns at a 
50 F environmental temperature. At the 
80 F environmental temperature, the com- 
parable figures were 5,490, 5,570, and 6,180, 
respectively. In the same order, the pounds 
of total digestible nutrient per pound of 
gain were 5.00, 4.60, 4.88 at 50 F. At the 
80 F environmental temperature, these fig- 
ures were 5.03, 5.55, and 5.37, respectively. 

Hair Coat Characteristics. According to 
McDowell (15), based on findings by 
Yeates in Brisbane, woolly-coated cattle are 
at a disadvantage in hot weather. A curly 
coat constitutes a definite threat to the ani- 
mal’s life at 105 F. Cattle with short, 
smooth coats seem to have superior heat 
tolerance. 

Bonsma (2) presented data emphasizing 
the importance of a short sleek hair coat in 
heat tolerance of cattle. For cattle, includ- 
ing Afrikanders, woolly-coated Afrikanders, 
Herefords, and Nguni, the mean regression 
of body temperature on environmental tem- 
perature was Y=98.75+0.04298X, where 
Y is body temperature in the sun and X is 
environment temperature, all in degrees F. 
For the same animals, but in the shade, the 
regression relationship was Y=101.41+ 
0.00731X. However, considering hair coat 
characteristics, the mean body temperature 
for the woolly-coated Afrikanders was nearly 
105 F, compared to only 102 F under the 
same conditions for smooth-coated Afrikand- 
ers. The woolly coated Afrikanders had low 
heat tolerance. Several died from heat stroke 
when they were moved between pens on a 
hot day. 

According to O'Bannon et al (17), Brah- 
man and Santa Gertrudis had short sleek re- 
flective hair that did not interfere with heat 
dissipation from the surface, but the Short- 
horns had heavy, woolly, dull hair. Close 
clipping of Shorthorn hair coats caused a 
drop of 1.5 and 0.6 F at 6 and 9 months of 
age, respectively, in rectal temperatures in 
the 80 F chamber. 

Heat Production. Results by Yeck (25) 
with Brahman, Santa Gertrudis, and Short- 
horn calves ranging in age at the beginning 
of the experiment from one to three months 
and continuing for 132 months in 50 F and 
80 F climatic test chambers indicated that, 
at both temperatures, stable heat production 
increased rapidly from day to day during 
the first three months. Increases were much 
less during the remainder of the test period. 
Stable heat, was defined as the heat dissi- 
pated by the animals and the bedded area. 
It was found that heat dissipation was 
nearly the same at 50 and 80F. Latent 
heat was from 35 to 39 percent of the total 
heat at 50 F and 67 to 71 percent of the 
total at 80 F. Buildup of litter during inter- 
vals between weekly cleaning of the pens in- 

creased stable heat production from about 
1100 Btu per hour-calf immediately follow- 
ing cleaning of pens to about 1300 Btu per 
hour per calf at the end of the one-week 
period between cleanings. These results 
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were for the 80 F test room. For the 50 F 
test room, the increase in stable heat pro- 
duction due to litter accumulation was from 
1000 Btu per hour per calf immediately fol- 
lowing cleaning of the pens to slightly un- 
der 1100 Btu per hour per calf at the end 
of the one-week period. Animal heat pro- 
duction was about 92 to 97 percent of the 
stable heat. For practical purposes, animal 
heat production of a given breed could be 
increased by 5 percent to predict stable heat. 
Stable heat dissipation per unit body weight 
should be fairly constant between 10 and 
20 weeks of age. For Shorthorn calves, 
Brahmans, and Santa Gertrudis during this 
period, stable heat dissipation was estimated 
to be 5,100, 3,800, and 4,400 Btu per hour 
for each one thousand pounds of body 
weight. These values would be appropriate 
for either 50 or 80 F temperatures. Stable 
heat per unit body weight reached a fixed 
value at 60 weeks of age. Higher stable 
temperatures increased litter production and 
bedding requirements for beef calves. At 
50 F, between ages of 10 to 65 weeks, bed- 
ding requirements increased from about 30 
pounds per week to about 100 pounds per 
calf per week. At 80F, requirements in- 
creased from 35 pounds per calf per week 
to about 150 pounds per calf per week. In- 
creased water consumption at 80 F was con- 
sidered to be the important factor in the 
increased bedding requirements. 


Radiation Effects 


Surface Temperature. Kelly et al (10) 
measured temperatures on the slick hair of 
cattle in the sun. Hair temperatures were 
105 F, compared to 119 to 124 for com- 
parable conditions but measured on curly- 
haired areas. Data compiled by Kelly in the 
Agricultural Engineers Yearbook (8, p. 
114), for average surface temperatures for 
animals in the sun and in the shade, respec- 
tively, when air temperatures are 100 F are 
given in Table 3. 


TABLE 3 


Average 
surface temperature 
Animal Animal 

in sun in shade 


125 F 
114F 
131 F 
109 F 


Location on animal 


Back 

Side (away from sun) 
Side (towards sun) 
Belly 


103 F 
105 F 


Hair Coat Characteristics. Data from 
Riemerschmid and Elder cited by Findlay 
(4, pp. 71-72), for the solar absorptivity of 
hides of different breeds of cattle were: 
White Zulu, 49 percent; cream Simmen- 
Thaler, 50 percent; red Afrikander, 78 per- 
cent; dark red Sussex, 83 percent; black 
Aberdeen-Angus, 89 percent. The solar 
radiation absorptivity by the ceats of cattle 
varied from above 93 percent at incidence 
angle of Odeg to about 76 percent at an 
incidence angle of about 73 deg. Other data 
by Rhoad cited by Findlay (4, pp. 23-24), 
showed that clipping the hair from an An- 
gus increased the animal's discomfort when 
exposed to the sun. Nelson and others (16) 
used an adaptation of the sol-air thermom- 
eter to measure solar radiation absorption 
and surface convective effects as influenced 
by nature of hair coat. It was found that 
for black and red cattle surfaces the 6/f oro 
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ratio decreased from about 0.24 in still air 
to about 0.18 at a wind speed of 800 fpm. 
For white surfaces, as on a Hereford, this 
factor decreased from about 0.20 in still air 
to about 0.14 at 800fpm. Here, 4 is the 
solar absorptivity of the hair or hide surface 
and f,,. is a combined convective and radia- 
tion surface coefficient of heat transfer. 


Stewart (19-a) made spectrophotometer 
analyses of cattle hair samples to measure 
reflecting power in the spectrum of 290 to 
1200 millimicrons. This spectrum includes 
approximately 83 percent of the solar energy 
reaching the earth. For Shorthorn cattle, 
the solar absorption coefficients were found 
to be: for roan color, 0.672; for dark red, 
0.778. For Hereford cattle the solar absorp- 
tion coefficients were found to be: for the 
light tan, 0.645 ; for medium red, 0.760; and 
for very dark red, 0.819. 


Behavior Effects. According to Findlay 
(4, chap.2), from data by Rhoad and 
Bonsma, grazing during periods of high 
solar radiation intensity was related to the 
amount of tropical blood present in cattle. 
Striking differences occurred between trop- 
ical and temperate breeds. Brahmans spent 
about 19 percent of the time resting in the 
sun and never sought shade. During days 
with sun but no wind, pure Aberdeen-Angus 
spent about 54 percent of the time grazing 
and the rest of the time in shade. Pure 
Brahmans grazed 71 percent of the time but 
when resting remained in the sun. 


Radiation Heat Load. Kelly et al (10) 
calculated heat exchange by radiation be- 
tween cattle bodies and surroundings for 
cows weighing 750 lb when air temperature 
was 100 F and wind velocity was under 1 
mph. For an unshaded cow, heat gain to 
the cow in Btu per hour was 246 for the 
back surface, 10 for the sides, and 63 for 
the belly. For the shaded cow, heat loss 
from the animal surface in Btu per hour 
was 2 Btu per hour for the back, 12 for the 
sides and 2 for the belly. When the con- 
vective heat transfer was taken into account, 
the combined radiation and convective ex- 
changes were: for the unshaded cow, a gain 
of 567 Btu per hour; for the shaded cow, a 
loss of 777 Btu per hour. A film conduct- 
ance coefficient of 2.6 was used for these 
calculations. 


Humidity Effects 


Body Temperatures. According to Find- 
lay (4, p. 23) based on data from Rhoad, 
body temperatures for Aberdeen-Angus and 
Brahman crosses as well as pure Brahmans 
tended to decrease or remain constant as 
humidity decreased from about 60 percent 
relative humidity down to 50 percent, even 
though ambient temperatures rose from 93 
to 95 F. Body temperatures for pure Aber- 
deen- Angus did not decrease with de- 
creasing relative humidity in this tempera- 
ture range. Findlay concluded (p. 29) that 
although calves are not able to withstand as 
high air temperatures as cows, humidity has 
much less effect on the body temperature of 
calves than on that of cows. 

Respiration Rate. Cartwright (3) in ex- 
periments with calves in a hot climate cham- 
ber found that relative humidity was sig- 
nificantly correlated with chamber respira- 
tion rate, correlation coefficients of 0.48 
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(over-all), and 0.34 (within breeds or 
crosses and sex). These experiments were 
conducted with Herefords, Brahmans, and 
Santa Gertrudis, with crosses among these 
breeds and a few Red Polls. 


Shelter and Management Effects 


Shade. McDaniel et al (14) experi- 
mented with effects of type of shade on 
performance and grazing habits of Hereford 
and Aberdeen-Angus cows and calves over 
a 4-year period. The shade treatments were 
in pasture in cutover pine stands at the 
West Louisiana Experiment Station. Ap- 
proximately 100 head per year of registered 
and grade Hereford and Angus cows with 
calves were used. Test periods averaged 25 
days. Shade treatments included (1) abund- 
ant natural shade including gum, oak, and 
bay trees, (2) scanty natural shade, and (3) 
artificial shade consisting of 12 x 24-ft struc- 
tures 7 ft high with roofs of hay, straw or 
pasture clippings. Shades provided about 
32 sqft of space per animal. Cows on 
pasture with either abundant or scanty nat- 
ural shade made significantly greater gains 
than cows grazing pastures without shade. 
Calves grazing pastures with abundant or 
scanty natural shade, or artificial shade, 
made significantly greater gains than calves 
grazing without shade. Maximum differ- 
ences between animals with abundant shade 
versus no shade was 1.24 lb per day gain for 
the cows and 0.67 Ib per day for the calves. 
Artificial shade compared to no shade pro- 
duced extra gain of 0.89 lb per day for the 
cows and 0.60 lb per day for the calves. 
The low height and small per head space 
allowance of the artificial shade was thought 
to contribute to the relatively poor perform- 
ance of cattle under artificial shade. 

In experiments at the range cattle mineral 
station, Wilburton, Okla., Totusek et al (20, 
21, 22 and 23) found in experiments ex- 
tending over a 4-year period beginning with 
60 two-year-old grade Hereford heifers on 
native grass pasture that, in general, weights 
of cows and calves were not greatly affected 
by shade. Cows and calves without shade 
consistently had higher respiration rates than 
cattle under the shade. The weight gain of 
cows during the 1954 summer averaged 
46 lb average per cow with shade and 69 lb 
without shade. There was some indication 
that, although the cows tended to gain more 
weight on pasture with shade, calves with- 
out shade had an average weaning weight 
significantly greater than calves with access 
to shade. It was suggested that calves with- 
out shade spent more time grazing, but 
calves with shade spent less time grazing. 


McCormick e¢ al (13), in experiments 
with steers grazing coastal Bermuda grass in 
Georgia, found that the average gain rate of 
eighteen steers in the period May 16 to 
September 18 was 1.27]lb per day when 
straw and aluminum shades were provided 
at a rate of about 40sq ft area per head. 
Average gain rate for nine steers not having 
access to the shade was 1.45 lb per day. 
During the period August 14 to November 
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6, eight steers fattened in dry lot with access 
to aluminum shade was 2.58 lb per day; 
but without shade the gain was 2.60 lb per 
day. Steers fattened on pasture with access 
to aluminum shade gained 2.18 lb per day. 
Without shade the gain rate was 2.09 Ib 
per day. 


Surface temperatures of Hereford cattle in 
the sun and shade were measured by Kelly 
et al (10) using the touch thermocouples and 
Hardy radiometers. During air tempera- 
tures of 100 F, temperatures on the back 
were 119 to 133F; on the side of the 
animal away from the sun, 114 F, and on 
the side facing the sun 131 F. Temperatures 
on the belly were 109 F. Surface tempera- 
tures for an animal in the shade were 101 
to 105 F on the back, and on the side away 
from the sun 101 to 107 F. Very little air 
movement occurred during these measure- 
ments. 


Fanning and Ventilation. Bond et al (1) 
studied the effects of fanning or forced cir- 
culation using large fans. Hereford calves 
weighing from 554 to 6211b were sub- 
jected to 400fpm air circulation under a 
shade in the Imperial Valley of California. 
Another group was held in a naturally ven- 
tilated pen with a mean air speed of about 
20 fpm. The rectal temperatures of fanned 
animals did not increase during the ob- 
servation period although air temperatures 
increased about 6 F. The unfanned animals 
experienced a rise in rectal temperatures of 
about 1.4 F, from 104.1 to 105.5 F. Surface 
temperatures of both sets of calves increased 
with increasing air temperature but for the 
unfanned calves averaged about 2.5 F higher 
throughout the day. In feeding and per- 
formance trials, Bond et al (1) found that 
fanning with a 42-in. fan nominally rated at 
17,000 cfm and providing an average breeze 
of 3.7 mph over a 70-day period produced 
additional daily gain of 1.03 Ib in 1955 and 
0.53 lb in 1956 as compared with animals in 
a normal or natural breeze averaging 0.6 
mph. The fanned cattle used 406 lb less feed 
per 100 lb gain during the 1955 tests and 
183 lb less in 1956, compared to the un- 
fanned cattle. During most of the test 
period, the fan operated continuously. Ac- 
cording to Ittner and others (7), average 
daily gain for unfanned animals was 1.29 
Ib per day. Feed utilization was 1,330 lb 
for each 100 lb of gain. The fanning treat- 
ment produced a gain of 2.32 lb per day at 
924 lb of feed per 100 lb of gain. In subse- 
quent experiments, the differences were not 
as great. Unfanned animals gained 1.87 lb 
per head per day. The fanned group gained 
2.40 lb per day. The feed intake of the 
animals in the fanned pens was higher than 
the others during both years. Average air 
velocities at the center of the pen in 1955 
were 55 fpm in the unfanned pen and 325 
fpm in the fanned pen. The animals in the 
unfanned pen had body temperatures as 
much as 1.35 F higher and skin tempera- 
tures as much as 5.8 F higher compared to 
animals in the fanned pen. 


Cooled Drinking Water. Kelly et al (9) 
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found that cooling the drinking water of 
Hereford cattle to a temperature of 65 F 
during hot weather in the Imperial Valley 
of California produced uniformly higher 
weight gains than prevailed for cattle with 
uncooled drinking water. The increase in 
daily gain amounted to 0.32 lb per animal. 
In one experiment, evaporatively cooled 
water was used at a temperature of 75.4 F, 
but did not produce a significant effect on 
growth. It was thought that some physio- 
logical effect other than reduced heat load 
explained the increased gains since the cool- 
ing effect on the cattle due to the cooled 
drinking water was only about 4 percent of 
the daily heat production of the animals. 

Evaporative Cooling of Shelters. Kelly 
et al (9) tested spraying and fogging of 
cattle in the Imperial Valley of California. 
A fine misty spray did not seem beneficial. 
A coarser spray that caused wetting of the 
animals to the skin was relatively effective. 
The wetted animals usually had body tem- 
peratures 2 to 3 deg lower than dry animals 
and respiration rates about 20 counts per 
minute less. In later tests with a single 
coarse spray in a stall between shade and 
pasture, the sprayed cattle averaged 0.37 lb 
per day gain more than unsprayed cattle. 

The following year the sprayed cattle 
averaged 0.22 lb per day greater gain. A 
fine, mist spray in a shade shelter increased 
daily gain only 0.06 lb per day. This was 
not significant. It was observed that the hair 
was seldom wetted to the skin on the ani- 
mals. In 1952, sprayed animals under shade 
gained 0.10 Ibs per animal per day less than 
unsprayed animals. In other tests, 2500-cfm 
evaporative coolers maintained maximum 
outdoor minus indoor temperatures of 10 F 
and less. Brahman and Hereford crosses 
showed no significant differences in gains as 
influenced by the cooled versus uncooled 
shade. Herefords gained 1.05 lb per day 
under the cooled shade and 0.69 lb per day 
under an uncooled galvanized steel shade. 
Kelly e¢ al (10) found that cattle must 
learn the value of a spray before it becomes 
effective in improving comfort. They seemed 
to prefer a coarse spray to a fine, mist-type 
spray. Use of sprays or showers was gen- 
erally confined to late morning and most of 
the afternoon. 


Surround Characteristics. Results reported 
by Ittner et al (5) revealed that wire 
enclosed corral pens produced a cooler en- 
vironment by about 3.8 F than corrals sur- 
rounded by heavy wooden fence. Wind 
velocity was 1.32 mph greater in the wire 
pen and water temperatures were 4.9 F 
lower, compared to the wooden fenced pen. 
Cattle kept in the wire-enclosed pen gained 
1.94 lb per day while those in the wooden 
fenced pen gained 1.51 Ib. Feed per 100 Ib 
gain was 1,085 lb for steers in the wooden 
pens and 867 lb for steers in wire pens. 


Feed Consumption. Ittner et al (6) 
studied cattle performance of Hereford cattle 
in the irrigated desert of California. Their 
results on performance of Hereford cattle 
under these conditions are given in Table 4. 
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TABLE 4. HEAT INCREMENTS, FOOD INTAKE, NET ENERGY AND GAIN IN WEIGHT FOR STEERS IN A HOT CLIMATE 


Number of animals 
dates, average weight, 
daily gains 


Hereford steers (4) 
Aug 8 - Sep 5, 1950 23.64 
Av wt, 910 Ib Concentrates 
Daily gain, 0.86 lb 0 
Hereford Steers (8) Roughage 
Aug 7 - Sep 3, 1951 12.25 
Av Wt, 1,046 Ib Concentrates 
Daily gain, 1.73 lb 9.70 
Hereford steers (10) Roughage 
Jul 2 - Sep 11, 1952 19.36 
Av Wt, 795 Ib Concentrates 
Daily gain, 0.78 lb 0 
Hereford steers (12) Roughage 
Jul 2 - Sep 10, 1952 13.97 
Av wt, 804 Ib Concentrates 
Daily gain, 2.42 lb 8.60 


Ration 
per head, Ib 


Roughage 
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Environmental Studies with Swine 
T. E. Bond 
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NVESTIGATIONS of the relationship 
between swine and their environment 
are generally either of a basic nature 

to determine the effect of environment upon 
the physiological responses and growth of 
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Technical Advisory Committee on Plant and 
Animal Husbandry jointly sponsored by the 
American Society of Agricultural Engineers and 
the American Society of Heating and Air Con- 
ditioning Engineers, March 1958 (revised De- 
cember 1958). 

The author —T. E. Bonn —is agricultural 
engineer, AERD, U.S. Department of Agricul- 
are, University of California, Davis, Cali- 
ornia. 
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swine, or they are application studies de- 
signed to determine methods of improving 
the environment for protecting hogs from 
adverse environmental conditions. Both 
phases of investigations are essential in 
order to achieve the ultimate objective of 
minimizing environmental stress at an eco- 
nomical animal production level. 

It is perhaps best to consider a summary 
of such investigations in terms of three 
growth cycles: (a) sows, (b) baby pigs 
from farrowing to weaning, and (c) fatten- 
ing hogs from weaning to market, because 
of differences in importance of the various 
environmental influences in each case. 
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Sows 


There have been only a few investigations 
concerning the effect of environment on ges- 
tating and lactating sows. However, there is 
a recent increase of interest in this problem, 
and undoubtedly greater emphasis will be 
placed on the environment of the sow, par- 
ticularly during the latter weeks of gestation 
and during the first days after farrowing. 


In tests designed to study the effect of 
high air temperatures on pregnant sows, 
Heitman, Hughes, and Kelly (1)* showed 


*Numbers in parentheses refer to the ap- 
pended references. 
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that continuous exposure to high tempera- 
tures averaging 99 F for periods of about 8 
days produced pronounced evidence of phy- 
sical discomfort, but no abnormalities oc- 
curred with regard to litter size or health 
of 13 sows subjected to such exposure dur- 
ing their 13th to 15th week of gestation. 
One aborted from other causes and one 
died from heat prostration, the rest success- 
fully farrowed. All sows lost weight, some 
losing an average of 5 lb per day. 


An open sow, along with a pregnant 
animal, was subjected to increased ambient 
temperatures. The open sow showed a mini- 
mum respiratory rate of 64 per minute 
when the air temperature was 98 F, whereas 
the respiratory response of the pregnant sow 
went as high as 186. Even though the open 
sow lost 33 lb during an 8-day test, results 
indicated she was not as stressed by the high 
temperatures as the pregnant sow. It ap- 
peared that the pregnant animal had dif- 
ficulty dissipating the heat caused by the 
additional ‘metabolic load.” 

Bond, Kelly, and Heitman (2) measured 
the heat and moisture lost from sows and 
their litters immediately before farrowing 
and through an eight-week period of wean- 
ing (Fig. 1). There was no apparent effect 
of environment on the heat loss of the sows 
and litters raised in constant temperature en- 
vironments of 60, 70, and 80 F. During the 
eight weeks after farrowing, the sows in 
the 60 and 70F environments gained 2 


TABLE 1. REPRODUCTIVE PERFORMANCE OF SOWS THAT HAD ACCESS TO SHADES 
WITH AND WITHOUT WATER SPRINKLERS DURING PREGNANCY, SUMMER, 1956 


Treatment of Bred Sows Sprinklers No sprinklers Difference 
Number of sows 17 17 
Farrowing data: : 
Total pigs farrowed per litter 10.88 9.24 1.64 
Live pigs farrowed per litter 10.06 7.71 2.33° 
Stillborn pigs per litter 0.82 1.53 —0.71 
Decomposed embryos per litter 0.06 0.65 —0.59 
Litter birth weight (total pigs), lb 27.90 24.90 3.00 
Litter birth weight (live pigs), Ib 26.20 21.20 5.00 
Weaning Data: 
Pigs weaned per litter 7.76 5.71 2.057 
Litter 56-day weight, lb 306.76 221.35 85.41F 


*P is less than 0.05. tP is less than 0.01. 


TABLE 2. AIR TEMPERATURES UNDER SHADES AND AVERAGE RECTAL TEMPER- 
ATURES OF EIGHT SOWS WITH ACCESS TO SPRINKLERS AND A LIKE NUMBER 
WITH NO SPRINKLERS (5) 


Air temperatures, F 


Rectal temperatures, F 


Sprinklers No sprinklers Sprinklers No sprinklers 
July 24 96.0 96.0 101.2 102.7 
31 100.0 100.0 101.1 104.2 
August 7 101.5 104.0 101.1 103.9 
14 104.5 108.5 100.7 104.6 


and 30 Ib, respectively, whereas the sow in 
the 80 F environment lost 90 lb. However, 
the latter sow raised the largest litter both 
as to number and weight per pig. These 
tests indicated a probable need for two 
separate environments in the farrowing 
house, one for the sow at 60 to 70F and 
one for the litter at about 80 F. 


Andrews (3) indicates that field observa- 
tions of sows farrowing in July and August 
. warrant the conclusion that sows are sub- 
ject to heat stress and heat prostration and 
suggests that some cases of lactation failure 
may be related to high ambient tempera- 
tures. According to Andrews, ‘The continu- 
ous farrowing of swine, especially in south- 
ern areas, will justify some type of cooling 
for the sows.” 


F. N. Stewart (4), a hog producer of 


Randolph County, Ga., air-conditioned a 
farrowing barn with the result that he got 
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Fig. 1 Heat and moisture loss and water consumed by sows and 

their litters from farrowing to weaning eight weeks later. Water 

removed is the moisture removed by the air ventilating the test 
chamber. Bond et al (2) 
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“two extra pigs per litter.” He observed: 
“There is less crushing of pigs when sows 
are comfortable; they don’t get up and 
down so often to drink or root up fresh 
bedding.” 

In Oklahoma tests Whatley et al (5) 
found that 17 sows and gilts sprinkled with 
water during pregnancy farrowed an average 
of 2.35 more live pigs per litter than a sim- 
ilar unsprinkled group (Table 1). One 12 
x 24-ft galvanized steel shade 6 ft high was 
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Fig. 2 Relation between hog surface temperature and animal 

weight, at air temperatures ranging from 40 to 100F. Actual 

observations at indicated air temperatures also shown to illus- 
trate goodness of fit. Kelly et al (26) 
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. . . Environment for Swine 


provided for each group of 8 to 9 animals 
providing ample shade. During a 92-day 
summer period, the maximum daily average 
temperature was 96.3 F and the maximum 
temperature was over 90 F during 77 days. 
Sprinklers were on from 8:00 a.m. to 5.00 
p.m. The average body temperature differ- 
ence between sprinkled and unsprinkled 
sows (Table 2) was 2.8 F, and there was a 
difference of 85 lb in the average 56-day lit- 
ter weight of the two groups, both in favor 
of the sprinkled sows. 


In a study of individual air conditioning 
for farrowing sows, Taylor (6) provided 
each individual farrowing stall with about 
8 cfm of air cooled to 50 to 70 F. This was 
delivered through 4-in. pipes to a location 
in the stall where the discharge could be 
conveniently breathed by the sow. Increased 
animal comfort was indicated by the reduc- 
tion of rectal and surface temperatures and 
respiration rates of the cooled sows. 


Baby Pigs 

According to Newland et al(7) the 
American farmer loses well over a million 
new born pigs annually from chilling. New 
born pigs have poorly developed regulatory 
mechanisms and tend to become more home- 
othermic after two days of age. The average 
temperature responses of 25 pigs under barn 
conditions (environmental temperature be- 
tween 55 and 75 F) showed that body tem- 
perature of a new-born pig drops by 3 to 
12 F during the first hours after birth, with 
the average being about 4F. The sharpest 
decline occurs during the first 20 minutes of 
life. Newland (7) also found a significant 
correlation between weight of a pig and its 
ability to adapt itself to its environment. 


Taylor et al(8) farrowed pigs under 
controlled temperature conditions ranging 
from 20 to 60 F. Small weak pigs appeared 
to chill at 40 F but one litter of strong pigs 
appeared quite comfortable, and no losses 
occurred during their first 72 hours of life 
in a 33 F room. Of 8 pigs farrowed in a 
20 F room without supplementary heat, four 
died from chilling within the first five hours. 
The remaining four pigs with body tempera- 
tures as low as 65 F were revived in a 70 F 
room under heat lamps and were back to 
normal in about four hours. Taylor (8) 
suggests that auxiliary heat should be sup- 
plied in farrowing pens at temperatures be- 
low 45 F but concluded that supplementary 
heat would seldom be required to prevent 
chilling in pigs that are over one week old. 


Cairne and Puller (9) measured the meta- 
bolic rate of pigs in a gradient-layer direct 
calorimeter at air temperatures of 59, 68, 77 
and 86F. The pigs studied ranged in size 
from about 9 to 261b. It was found that 
the critical temperature of these pigs, fed 
ad lib, exceeded 86F for pigs weighing 
13 lb and under and was about 68 F for 
pigs weighing 22 lb. 

Gill and Thomson (10) divided litters 
into equal groups and provided supple- 
mental heat for half the litter to determine 
the effect of environment on suckling pigs. 
From weaning to 200 lb the pigs were all 
raised in the same environment. They ob- 
served: “It is most remarkable that the pig- 
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lets getting no additional heating were able 
to withstand the cold. The average tempera- 
ture was 44 F and, on many occasions, below 
the freezing point.” 


In the experiments of Gill and Thomson 
there was no significant treatment difference 
in the amount of milk suckled, but the pigs 
exposed to the lower temperature consumed 
more solid food before weaning. It is in- 
teresting to note that during 53 days of 
lactation the average milk yield of six sows 
varied from 445 to 764 lb, or an average of 
605 lb. This represents an average yield of 
about 1.37 gal of milk per day per sow. 
Post-weaning performance appeared to be 
unaffected by the preweaning treatment. 
The average time taken to reach 200 lb was 
210 days for the heated group and 212 days 
for the unheated group. Gill and Thomson 
suggest that there is probably sufficient sav- 
ings in extra food consumed and in reduc- 
tion of pigs crushed by the sow to warrant 
the use of heat lamps through the first three 
weeks of pigs life. 

Pigs weaned at about two weeks were 
raised under controlled conditions for three 
weeks in tests conducted by Muehling and 
Jensen (11). Test air temperatures of 40, 
50, and 60F were used to compare the 
effects of heated houses, heat lamps and 
heat pads, and unheated houses. There were 
no significant differences in rectal tempera- 
tures between treatments. Pigs in pens with 
an unheated draft-free house gained nearly 
as fast at 40 F as pigs in pens with heat. 
In a drafty building, however, where the 
temperature averaged 50 F but varied con- 
siderably, even pigs with access to the vari- 
ous heated areas did poorly. 


McLagen and Thomson (12) farrowed 
and raised pigs in four different natural en- 
vironments: (a) open pens in a “‘large 
drafty granite and concrete building” with 
an uninsulated floor, (b) same as (a) but 
with a wooden sleeping platform, (c) 
wooden “ark hut” with an indoor run, and 
(d) wooden “ark hut” with an outdoor run. 
Pigs raised in environment (a) had average 
weaning weights less than half as much as 
those farrowed and raised in environment 
(da), even though the air-temperature differ- 
ence between these two “best and worst’’ 
environments was only about 2 F (42.8 and 
44.9F). Addition of the wooden sleeping 


platform in the open pen provided a dry 
bed for the pigs in that pen and their 
average weaning weight was more than twice 
that of the pigs in the open pen, and nearly 
as much as the pigs in the best environment 
(a). Table 3 shows some results of two 
tests by McLagen and Thomson. According 
to the figures in this table, the appetite of 
the pigs generally decreased with a decrease 
in air temperature. Environmental factors 
other than air temperature also influenced 
growth and appetites of the pigs. Though 
the open pen with the wood floor had the 
lowest temperature of all pens during the 
two tests, the weaning weight of these 
pigs was nearly the greatest. McLagen and 
Thomson conclude that the type of flooring 
provided for pigs to lie on is of great im- 
portance, and if this is well insulated, good 
pigs can be reared in a house with an 
average air temperature of only 45 F (range 
may be 33 to 55F), although ‘a higher 
temperature would be safer.”’ They also sug- 
gest that it is impossible to rear good pigs 
in an open pen in a large cold, drafty 
building. Where pigs were kept on after 
weaning in environment (4) to 16 weeks of 
age they showed no signs of catching up to 
the pigs raised in environment (d). Pigs 
provided with blanket-type jackets by Mc- 
Lagen and Thomson did not grow better 
than unjacketed pigs in a cold environment. 
Tests by Lucas and Thomson (13) also indi- 
cated the effect upon small pigs of type and 
temperature of floor. 


Growing Hogs 

Heitman et al (14) determined optimum 
growing temperatures for hogs raised under 
constant temperature conditions in a con- 
trolled-environment chamber. Hogs ranging 
in weight from 80 to 450 lb were exposed 
to temperatures of 40 to 110 F with a rela- 
tive humidity of about 50 percent and con- 
stant air velocity of 25 to 35 fpm. The in- 
fluence of air temperature and animal weight 
upon the daily gain of hogs is shown in 
Table 4. The temperature at which daily 
gain appeared to be a maximum varied 
from 61F for 350-lb hogs to 73.5 F for 
100-Ib hogs. Rate of gain was sharply re- 
duced when air temperatures were different 
than the optimum, with the most rapid re- 
duction occurring with temperatures above 
the optimum. When air temperature was 


TABLE 3. FEED CONSUMED BY PIGS FROM BIRTH TO FARROWING 
Experiment A Experiment B 
Average Feed Weaning Average Feed Weaning 
air temp., F per pig,lb weight,lb airtemp.,F per pig, Ib weight, lb 
(a) Open pens, unin- 
sulated floor 44.5 3.2 25.1 42.8 Less than 1 Ib. 16.9 
(b) Open pen, 
wood floor — me — 41.0 19.7 37.3 
(c) Hut, indoor run 45.5 10.4 28.2 41.8  Lessthanilb. 20.5 
(da) Hut, outdoor run 48.5 15.7 35.6 44.9 29.2 41.3 


TABLE 4. EFFECT OF AMBIENT AIR TEMPERATURE AND MEAN LIVEWEIGHT ON 
RATE OF GAIN OF SWINE 
(Average daily gain in pounds per pig) 
Mean Air temperatures, F 
liveweight, Ib 40F 50 F OF 70F 80 F 90 F 100 F 110 F 
100 1.37 1.58 2.00 1.97 1.40 0.39 —1.32 
150 1.27 1.47 1.75 2.16 1.82 1.14 —0.19 —2.60 
200 1.19 1.57 1.91 222 1.67 0.88 —0.77 
250 1.10 1.67 2.08 2.14 2.35 0.62 —1.36 
300 1.02 R27 2.24 2.06 1.36 0.36 —1.95 
350 0.94 1.87 2.41 1.98 1.21 0.10 —2.53 


AGRICULTURAL ENGINEERING * SEPTEMBER * 


1959 


accede ee es ccm <8) ee SS 
eae 7 eee a ee ee ees PO Ce <a a 
a : ‘ ee is Bre Te ee pnt te en AX 
ces = os ices: eee rer es 
cen = is 2 bis ome. oe. eS ee 
co eS: See ioag oe (es ia 
ae F Dh yike) ua a a nn ae ert, i. 
Bo 3 ia ty wan Oe bees art . 
hare me, a i ii at ae 
age St OL eer ar 
year sas ~ 
ro, ft Bo RN Me +: 
05 is mon. 
teeee meet 
oa ae 
Be iss 7h) ee 
a a ST ee. 
ae iat = 
Sa ee iene 
pe ee “Ei oe 
ees a aS fe 
se tac PAT 
baie ae 
A ae hei alee 
a ee) 
ee a as 3 
Pt Aa : 
gee oe 
cena. eel 
yeah le 
eee rae 
o- a 
peer eames 
See eae 
ae i ‘eo 
Saad is 4 
a a a. 
“ee a 
- oie <a 
NY ieee % 
i oa ee 
Mit. # 
an Bo a 
eS = ne Be ae 
she Bit a ee t 
ne? a 
+ 14 ole ork nia 
“ip hare ee ot 
an ms aa ese 
Meas gi? geno as 
Na: cae eee 
see a Hee 
erst "ie Git ae 
i). * an Riese are 
: ae oe 
Po i Be ee 
; eae ag ‘has 
ee tee 
4: By ote eee ton 
ss pee Fe. 
Ber “ad ae 
Bs ain 
‘oe Best: 
Saas ae § aes 
Br eae” 7 s 
ce von 
ee Pari 2 ah 
DS eae Bee et 
sal wh oe Sh 
enh aaa eee 
pete “ape : 
err rs 
ee eat 
Ag A ere oie ae 
Pde Mes sae = Taal 
ae a oh 
ay eit 
i ncgeeh hay Pee 
ie ee ae 
Messe = 
ea ae a 
i ipa | why ee 
Saikees is re 
Sn ee a oe 
Mies Bett 
hoe: me pomeie ss 
an oy 
oe hi 
bd ie moo p 
E ee oon et: 
Pee 4 
et Pi. 2 
. Seapeh ee! ae 
=. ee et = 
ate be 3 a US Nie 
* <3 Siena Sia ane 
Pett, 20) | a5 es 
aioe cy 
Sy : engine 
NS fin ee 
sa Soy ee 
Oa es 
se. ne ee 
Peet aaa 
Bar ett ee 
ey ie ee Rae 
= Ae een peer 
bn pas 
eagle = ee 
A ae Ss 
yr < cue = 
Ge 20 es 
RA tae 2a 
1 ss ‘ Be 
~ i eas 
i ‘oes 
‘ig ae ee ie 
amas aS 
ee. wee 
bel: = et Ee 
5 amen a pica 
gue igtae 
Behe ee 
ba Sea Maer 
et ee seeire 
eos ite mee 
Rice 4 vee: 
Hy Atyeaea eee 
ey ee 4 ee 
APE eset Re 
ar ne ge es 
BOE. ate ae Tapes 
By tos ha ee 
i VON a ae 
Pad si. i* nes 
Rains ead es 
Ae j 
se = ape : 
Th, Lame 
ce a, 2s er d 
| ea 
my & ae 
yy yt 
cht ae ag e 
ot ee 
ial ea 
ieee a? 
par ee ou 
fet ek ae _ 
ah a ce 
Pe aes 
eae : 
rt SO? Sea 
eae a Bi 
apelin aad oe. 
oa ae 
ie Be. 
P| + Sa gc 
: ao 
a a 
aaa ae 
‘ieee ; = pe 
a i: Saas 
ie a me 
os ae ae 
Bh ee aay 
aig teres _ bef 
ot) ee re 
i Sie Bes. 
(e: Sno - 3 es 
* ame es) aan, ye war me . = 
: ae zs er eee on Bi ines i 
i A: ete 3 eeu a 
ees ee Re. “a he cree . “er. Let f 
Bert ee ae oR ae 7 ; ii a oleae 
na” 3 pet F pee 7 ee | . 
pea oe co — aes see _ 
per oa ee | SUA, : 
fg eres eaten nee? 
sm > ee ea (aes - A 
ae een er a3 ms ahe ts ae i : 
Bas. te ees Bac DE Dig Gittings hy re 
o eS) 35. gga acing BS me 
ew ate. eee eed cf ae bow a 
Pa ees a 
ue = ee 
id Shs ee Ss: 
ait F 


100 F, all pigs 150 lb or greater lost weight; 
100-lb pigs lost weight at 110 F. The daily 
rate of gain of any size pig tested was 2.0 lb 
or greater at the “optimum’’ temperatures. 


The effect of temperature on growth rate 
and feed consumption of swine is well ex- 
emplified in unpublished data of E. F. John- 
son, presented by Warwick (15), showing 
results of experiments with pigs maintained 
at 50 or 90 F. Where 150-lb pigs were kept 
on test for 32 days those maintained at 90 F 
gained less than ¥4 lb per day and used 
nearly 1,000 lb of feed per 100 lb of gain. 
In a test with pigs from weaning to 200 lb, 
the weight gains of the group kept in the 
90 F environment averaged 0.35 lb per day 
less than those of 50 F group, but their feed 
consumption per 100lb gain was only 
slightly increased. 


The need for methods of counteracting 
high-temperature effects has been long rec- 
ognized by practical hog producers. In 
Texas tests reported by Jackson (16) pigs 
with access to a wallow gained 14 lb more 
per day over a 90-day summer period than 
animals with no wallow. Bray and Single- 
tary (17) reported that pigs in Louisiana 
tests with either a portable or mud wallow 
gained about 0.4 Ib per day more than con- 
trol pigs. Sprinklers for fattening hogs in 
Georgia were tested by McCormic et al 
(18). Hogs in dry lots that had access to 
sprinklers gained about 0.3lb more daily 
during 50-day test periods than unsprinkled 
pigs. Purdue tests reported by Andrews (3) 
have shown increased daily gains of 0.2 to 
0.3 Ib for sprayed pigs of more than 100 Ib 
in weight. For 150-lb hogs, access to a 
mechanically cooled concrete slab increased 
their gains 0.3 to 0.4 lb daily in the Purdue 
tests. Heitman et al (19) reported signif- 
icant increases in average daily gains due to 
(a) a wallow in the sun, (4) a wallow in 
the shade, and (c) a wallow in combination 
with increased air flow from a fan, during 
a 70-day summer test period with an average 
air temperature of 75 F. In the same test a 
group of pigs raised in confinement inside 
a farrowing barn also gained significantly 
faster than the control group in an outside 
shaded concrete lot. There were, however, 
no significant differences in the weight gains 
between the treatments. Kazarian et al (20), 
in Michigan tests, compared the growth rate 
and feed efficiency of pigs raised (a) uncon- 
fined, with conventional hog house, (4) 
confined in a ventilated house with double- 
pane windows, and (c) confined in an air- 
conditioned house with double-pane win- 
dows. Results of tests during a 14-week 
summer period showed that hogs ‘housed 
under improved conditions had a 10 per- 
cent increase in their growth rate as well as 
a 10 percent increase in feed efficiency. Air 
conditioning improved the environment but 
did not produce additional increases in gain 
or feed efficiency. 


From a survey of cold-weather housing 
made by Inglis and Robertson (21), an 
analysis was made of housing conditions 
that were conducive to growth of pigs. 
Their data are presented in Table 5. They 
found that the health of pigs could be cor- 
related with the inside-outside temperature 
difference. On the basis of their results they 
recommend that a hog building for winter 


TABLE 5. INFLUENCE OF COLD WEATHER HOUSING CONDITIONS ON THE 
GROWTH OF SWINE 


Housing conditions 


Mean temperature difference inside to outside, F 
Volume per 200 lb pig, cu ft 

Floor area per 200-lb pig, sq ft 

Building surface area per 200-lb pig, sq ft 


Air supply, cu ft per hr per 200-lb hog 


Average* Range 
At 13.3 9.7- 17.2 
B 5.9 2.0- 8.7 
A 63.0 ay: =e 
B 500.3 48 -1780 
A 17.8 4.3- 34.0 
B 51.0 19.0- 139.0 
A 66.5 , Mes 
B 160.0 52 - 390 
A 1340 239 - 2300 
B 8955 787 - 43,000 


*Average condition for all houses where pigs were observed to be either thriving or not thriving. 


tA, pigs thriving; B, pigs not thriving. 


housing should be designed for a minimum 
air-temperature difference of 12 F between 
inside and outside. They also suggest that 
the building volume, per 200-lb pig, should 
be no greater than 150 cu ft and the amount 
of air change should be less than 800 cu ft 
per hr. 


Lamont ef al (22) cite cases where cold- 
weather pig mortality, up to as high as 40 
percent, was reduced to an average of 1 per- 
cent by (a) relaying concrete floors to pro- 
vide air space underneath, (4) continuing 
pen partitions to the ceiling, (c) sheeting off 
the central alley from the pen, and (d) pro- 
viding an air space between the ceiling and 
outer roof. An analysis of production of 38 
pig farms by Clarke (23) indicated a greater 
fattening efficiency both winter and summer 
for pigs confined indoors compared with 
pigs that had a hut with free access to out- 
side runs. 


In studies of heated floors during cold 
weather, Barber et a/ (24) found no benefit 
from floors with surface temperatures in- 
creased about 10F by electric heat, in a 
series of tests with pigs of weights ranging 
from 35 to 190 lb. 


Light duration, as a swine environmental 
factor, was investigated by Braude et al 
(25). Their results are summarized in 
Table 6 and indicate that the different light 
treatments used did not influence the per- 
formance of the pigs. 


TABLE 6. EFFECT OF LIGHT 


surface contacts the floor to lose heat by 
conduction, 80 percent is exposed to the air 
to lose heat by convection, and approxi- 
mately 75 percent is exposed so as to lose 
heat to another surface by radiation. For the 
inside hogs of a huddled group, they esti- 
mated that 20 percent contacts the other 
animals, 40 percent loses heat by convection 
and 35 percent by radiation. 

Hog surface temperatures, as affected by 
environmental temperatures, were also meas- 
ured by Kelly (26). Straight-line relation- 
ships were found such that at 100F the 
surface temperature varied from 103 F for a 
75-lb hog to 99F for a 300-lb hog. At 
40 F the surface temperatures were 90 and 
74 F, respectively. 

Additional heat and moisture-loss meas- 
urements for swine were made by Bond et al 
(2) in a single-chamber calorimeter. With 
the low air velocities used (25 to 35 fpm) 
the quantity of heat lost by convection and 
radiation was about equal; conduction 
amounted to about 10 percent of the total 
heat lost. The rate of heat lost by evapora- 
tion decreased from a maximum of about 90 
percent of the total at 100 F to a minimum 
of about 15 pércent at the lower tempera- 
tures (40 to 50 F). Since management con- 
ditions of the test were similar to practical 
hog house conditions, measurements of the 
moisture removed by the ventilation system 
of the chamber provide latent heat and 


ON SWINE PERFORMANCE 


Dark, 
24 hr 
Group I (9-19 weeks) 

Final weight, Ib 129.0 
Daily gain per pig, lb 1.3 
Feed per pound gain, lb 2.8 

Group II (9 weeks to market) 
Final weight, lb 205.2 
Daily gain per pig, lb 1.4 
Feed per pound gain, lb 3.3 


*L, light; D, dark 


Kelly et al (26) investigated the effect of 
heat loss on hogs in a psychrometric cham- 
ber. Heat loss rates by radiation, convec- 
tion, and conduction were measured at en- 
vironmental temperatures between 40 and 
100 F. These measurements were made 
with heat flow meters and appropriate radio- 
meters. They determined that, for an indi- 
vidual hog, approximately 20 percent of its 
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14 hr L* 10 hr L Light, 
10 hr D 10 br D 24 hr 
124.2 125.9 127.8 
1.2 3 1.3 
2.9 2.§ 2.9 
201.2 203.5 202.0 
a5 Ss ..2 
3.4 3.4 3.4 


moisture removal estimates necessary for 
hog house ventilation design problems. 


In a report by these same investigators, 
Bond, Kelly, and Heitman (27), multiple, 
curvilinear regression curves were developed 
(Fig. 3) to provide a means of estimating 
total heat loss from pigs weighing 50 to 
400 Ib at ambient air temperatures ranging 
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. . « Environment for Swine 
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| Au tempercture 


MOISTURE REMOVED BY VENTILATING AIR, ips/hr per hog 


ICO 200 250 
HOG WEIGHT, !bs 


Fig. 3 Total moisture removed by ventilation system of test room. 
Bond, Kelly, and Heitman (27) 


between 40 and 100F. The equation for 
estimating total heat loss is 


Y = 2.477 + .034x, —0.577x2+ 
0.148x,2+0.710x22 — 0.313% Xo 


where Y = log heat loss, Btu per hr per pig 
x = log body weight, Ib 
Xo temperature /100, deg F 


A similar series of curves was developed 
(Fig. 4) showing the amount of moisture 
removed by the ventilation system of the 
test calorimeter for varying hog weights and 
ambient temperatures. The equation that 
follows of this series of curves provides a 
method of estimating the amount of mois- 
ture a ventilation system will be required to 
remove and the amount of latent heat that 
must be considered in the design of build- 
ing insulation, heating, and air conditioning. 
The moisture loss estimation curve is 


Y= —0.961+0.291x; —0.785x2— 
0. 146x, x2 0.029x,? + 1.37 5X? 


where Y = log of water loss, lb per hr 
x, =weight/100, lb 
X= air temperature/100, deg F 


These same investigators determined the 
percent of the total heat that was lost by 
each of the four methods; radiation, con- 
vection, conduction, and evaporation. These 
values are shown in Table 7. 

Robinson and Lee (28) studied the reac- 
tions of pigs weighing bout 130 lb to short- 
time exposures (up to 7hr) at high air 


TOTAL HEAT LOSS FROM HOGS, btu/hr 


400 


temperatures and high humidities. With in- 
termediate degrees of heating up to 90 F, 
the rectal temperature increased but pro- 
gressed toward equilibrium. With higher 
degrees of heating, the rectal temperature 
increased rapidly without showing an indi- 
cation of establishing an equilibrium. Below 
a dry bulb temperature of 85 F neither tem- 
perature nor humidity produced any regular 
effect upon rectal temperature. At 95 F the 
pigs generally had to be removed from the 
test room before seven hours had elapsed 
when the humidity was 65 percent or over. 
At 105 F and above the pigs were not able 
to tolerate any atmosphere for seven hours. 
The degree of humidity had little regular 
effect upon the pig reactions until tempera- 
tures were 95 F or higher. There was no 
evidence of acclimatization developing in 
response to repeated exposure in either a 
hot-wet or a hot-dry atmosphere. Rectal 
temperatures of 107 F and respiration rates 
as high as 280 per minute were noted. They 
were not kept in the room beyond this 
stage. Sousing stressed pigs with water re- 
duced their rectal temperature 3 F in 10 
min, and reduced their respiration rate from 
280 to 100 per minute. 

Basic studies relating environment and 
physiological reactions of swine are pres- 
ently being conducted in the new piggery 
climate laboratory of the Danish National 
Institute of Building Research at Roskilde, 
Denmark. Some results from these studies 
have been summarized by Sorensen (29). 


TABLE 7. PERCENT OF TOTAI HEAT LOST FROM HOGS BY RADIATION, 
CONVECTION, CONDUCTION, AND EVAPORATION 


Percent of total heat lost 


Room 


temperature, F Radiation 


40 34.9 
50 33.0 
60 32.9 
70 27.0 
80 23.0 
90 17.2 
100 2.6 


Convection 


Conduction Evaporation 


37.8 
38.7 
38.7 
34.3 
52.0 
20.7 

5.0 


12.8 
12.8 
11.8 
10.7 
7.7 
7.4 
2.8 


14.5 
15.5 
16.6 
28.4 
37.3 
54.7 
89.6 
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100 
AIR TEMPERATURE, °F 


Fig. 4 Influence of ambient temperature and animal weight on 
total heat lost by swine. Bond, Kelly and Heitman (27) 
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Environmental Studies with Sheep 


of the effect of environment upon 

sheep than with any other class of 
farm livestock. This is due to the fact that 
sheep are not, as a general practice, pro- 
tected from the weather in dry climates be- 
cause of the heavy insulating value of their 
wool. However, a few groups of research 
workers, mostly physiologists, have studied 
the response of sheep to thermal and other 
environmental factors. 

Heat Production. Ritzman and Benedict 
(10, 11)* studied the basal and “standard”’ 
metabolism of sheep in connection with de- 
termining the energy of feeds. As a com- 
parison, they made, in their respiration 


Prerisse” fewer studies have been made 


Report prepared for the special use of the 
Technical Advisory Committee on Plant and 
Animal Husbandry jointly sponsored by the 
American Society of Agricultural Engineers 
and the American Society of Heating and Air 
Conditioning Engineers, March 1958 (revised 
December 1958). 


The author — C. F. KELLY — is professor of 
agricultural engineering, University of Califor- 
nia, Davis, California. 


*Numbers in parentheses refer to the ap- 
pended references. 
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chambers, measurements of heat production 
shortly after feeding (0 to 4 hr). Armstrong 
et al (1) made a series of calorimetric meas- 
urements designed to study the effect of en- 
vironmental temperature on the energy ex- 
penditure and food utilization of adult Half- 
bred x Down wethers. Their respiration 
apparatus was arranged so that air temper- 
ature equaled wall temperature; the air rela- 
tive humidity varied between 45 and 55 
percent, and the air velocity was low and 
constant. The sheep were clipped closely at 
weekly intervals to maintain fleece length 
constant and minimal at 0.1 cm. Three levels 
of feed energy were studied. 


Some of the results of Ritzman and Bene- 
dict (10, 11) and Armstrong ef al (1) are 
presented in Figs. 1 and 2 as being as typ- 
ical examples of sheep heat production un- 
der farm conditions as can be found in the 
literature. Fig. 1 shows the relation be- 
tween environmental temperature (47 to 
100 F) and heat production. Fig. 2 indi- 
cates the effect of animal weight upon heat 
production at one temperature, 70F. The 
sensible and insensible heat was not sepa- 
rated. 


@ high energy feed 
© medium « “ 


A 


Heat Production (Btu/ft) 


50 60 70 80 
Air Temperature, (°F) 


Fig. 1 Effect of air temperature upon heat production of sheep 


Shorn sheep, Armstrong et al (1) 


low “ “ 


Heat Production (Btu/hr) 


90 100 85 90 


Armstrong et al (1) also studied the ef- 
fect of fleece length upon heat production 
by sheep. At an environmental temperature 
of 68 F, heat production decreased rapidly 
and exponentially from a maximum of 380 
Btu per hr with a closely clipped fleece to 
a minimum of about 248 Btu per hr when 
the fleece had grown to a length of 20 to 
30mm. When the temperature was de- 
creased to 46 F, the range in heat production 
was from about 520 Btu per hour with 
closely clipped fleece to 265 Btu per hour 
when the fleece had grown to 45 mm. These 
studies were at the medium level feed 
energy. 


Brody (2) gives the calculated resting 
and basal metabolism of sheep (wethers) 
at ages 2 to 30 months. ‘Resting’ metab- 
olism is defined as being made up of two 
components, basal metabolism and specific 
dynamic action (an energy waste incident 
to food utilization). 

Surface Area. Ritzman and Benedict (9) 
found, by the surface integrator method, that 
the surface area of unshorn sheep followed 
the law: S=0.124 W®-561, where S equals 
surface area in square meters and W equals 
live body weight in kilograms. 

Physiological Reactions. Ritzman and 
Benedict (10) obtained body temperatures 
of fifty of their sheep at different times. 
They found that the body temperature of 
sheep was about 102.5 F, slightly higher 

(Continued on page 551) 


1 - Age 5 years 
2 - Age | year 
3- Age 3 years 


100 ite) 120 130 140 
Sheep Weight (ibs) 


Fig. 2 Effect of sheep weight upon heat production at air 


temperature of 70 to 72 F (10, 11) 
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Criteria for Appraising the Performance of 


Irrigation Pumping Plants 
Paul E. Schleusener and John J. Sulek 


RRIGATION pumping plants sup- 

plied water to two-thirds of Ne- 

braska’s 214 million irrigated acres 
in 1957. The number of acres irrigated 
from wells increased 290 percent in the 
past 5 years. The number of wells in 
use increased by 230 percent. The 22,000 
wells in the state were pumped from 
600 to 3,000 hr annually. Such rapid ex- 
pansion of pump irrigation in Nebraska 
suggests the need for a critical and re- 
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peated appraisal of pumping plant effi- 
ciency to maintain high standards of 
equipment performance and economic 
operation. 

An appraisal of pumping plant effi- 
ciency can be accomplished by measur- 
ing the field performance of the plant 
and comparing it with a standard or cri- 
terion of performance. Field perform- 
ance is expressed in terms of water horse- 
power hours per gallon of fuel. It is 
calculated as follows: 


gpm X total head (ft) gal fuel used 
3960 : hr 


Measuring Pump Performance 

The criteria for appraising the per- 
formance of irrigation pumping plants 
were calculated for deep-well irrigation 
pumping plants powered by engines 
using the common fuels and by electric 
motors. The average specific fuel con- 


TABLE 1. CRITERIA FOR APPRAISING THE PERFORMANCE OF DEEP-WELL 
IRRIGATION PUMPING PLANTS 


Rated load, 


hp-hr/unit of 


Performance Criteria, 


fuel for representative whp-hr per 
Fuel power units unit of fuel** 

Diesel 14.58 per gal.t 10.94 per gal 
Gasoline 11.55 per gal.t 8.66 per gal 
Tractor Fuel* 10.48 per gal.t 7.86 per gal 
Propane 9.18 per gal.t 6.89 per gal 
Natural Gast 88.9 per 1000 cu ft.|] 66.7 per 1000 cu ft 
Electric 1.180 per kw-hr#¥ 0.885 per kw-hr 


*40 ASTM octane rating and weight 6.63 lb per gal. 


+1000 Btu per cu ft. 


tAverage of specific fuel consumption values for power units suitable for irrigation pumping. 
Taken from Rated Load Belt Test (Test D) of the Summary of Results of the Nebraska Tractor 
Tests, January 1, 1958(7). Drive losses are accounted for in Tractor Test Data. 

Manufacturers’ data and unpublished engine test data (2, 3, 4). Data corrected for a 5 


percent drive loss. 


#Manufacturers’ data without a drive loss correction as a direct connection is assumed (1, 5, 


8). Equivalent to an 88 percent motor efficiency. 


**Based on hp-hr per unit of fuel data and a turbine pump efficiency of 75 percent. This is 
representative manufacturers’ laboratory data adjusted for hydraulic column and power shaft 
losses for 8-in. column at 100-ft bowl setting (6, 8, 9). 
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sumption of the engines using common 
fuels was obtained from the Nebraska 
Tractor Tests(7)* and from data sup- 
plied by engine manufacturers(3, 4). 
The efficiency of electric motors, turbine 
pumps, and drive units was obtained 
from data supplied by manufacturers 
(1, 5, 6, 8,9). The performance charac- 
teristics of the individual units making 
up a pumping plant were then combined 
in a calculated performance criteria, 
Table 1. Since only current values of 
efficiency were used, the criteria will 
change as improvements are made in the 
efficiency of the component parts. 


The calculated criteria were used as 
the basis for appraising the field per- 
formance of each of the 209 pumping 
plants tested. These field performance 
tests were made under actual operating 
conditions without adjustments or cor- 
rections. About 3 percent of the pump- 
ing plants tested were found to be op- 
erating more efficiently than the level 
established by the calculated criteria. 
The instances where field performance 
exceeded the criteria re-emphasized the 
fact that the calculated criteria are based 
upon average performance values of in- 
dividual components of the pumping 
plant rather than upon the most efficient 
performance possible. 

The need for periodic appraisal of the 
pumping plants is indicated by the wide 
range of performance of the plants, 
Table 2. The most efficient pumping 
plants—those operating above the criteria 
—were powered by diesel engines and 


*Numbers in parentheses refer to appended 
references. 


TABLE 2. FREQUENCY DISTRIBUTION OF DEEP-WELL IRRIGATION PUMPING PLANT 
PERFORMANCE COMPARED WITH THE CRITERIA 


(Number of Units) 


Power 120 115 110 105 100 
Source to to to to to 
125 120 115 110 105 


Diesel 1 -E: se 1 
Gasoline - ee fi sin 


Tractor Fuel - - — sags ibis 
Propane ee ee eee 
Natural Gas - - = om “ 


Electric - = pa ~ 
Total 1 ~ ~ 1 
Accumulative 

Percent - - = 1 


550 


Percent that field performance is of performance criteria 


95 90 85 80 75 70 65 60 
to to to to to to to to 
100 «95 90 85 80 75 70 65 


_ 6 6 8 8 4 4 1 
- - 1 - 1 2 3 2 
- 1 - - 3 4 1 2 
1 - 2 5 3 6 5 5 
1 3 1 - 2 2 2 
e. |) ae. aS oes 7 7 5 1 
11 2 2 2 2 


’. 2g. 42 2-46 2B DBD 


55 50 45 40 35 30 25 
to to to to to to to 
60 55 50 45 40 35 30 Total 
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ee a a Se ey aoe 2 
72) Sie we rt 19 
So et ie oo a 31 
se a ee 15 
2° 2 we ie ee 73 
ee. aoe 209 


eS 88 93 96 S86 998 100 
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electric motors. The lowest efficiencies 
were obtained on plants powered by 
gasoline and tractor fuel. Twelve per- 
cent of the deep-well pumping plants 
tested in Nebraska were found to be 
using two to four times as much fuel as 
would be required by a plant properly 
planned and carefully maintained. 


Economics of Efficiency 


A high level of efficiency of the irriga- 
tion pumping plant is economically im- 
portant to the individual irrigator and 
of national importance from the stand- 
point of the conservation of fuel re- 
sources. For example, if a typical irriga- 
tion pumping plant in central Nebraska 
annually uses about 9,000 gal of pro- 
pane, a saving of 2,000 gal of propane is 
possible if the pumping plant is installed 
properly and adjusted to operate effi- 
ciently. Improving the efficiency level of 
Nebraska’s 22,000 deep-well irrigation 


pumping plants from the over-all test 
average to a high level of efficiency 
would result in an annual saving of 
more than $3 million in fuel costs for 
pump irrigators in Nebraska. 

The need for appraising the perform- 
ance of irrigation pumping plants caused 
the organization of twelve Deep-Well 
Irrigation Associations in Nebraska. 
These represent 40 percent of the deep- 
well irrigators in the state. Ten of these 
associations have employed a technician, 
trained by the Extension Service, to ob- 
tain the data necessary for appraising 
the field performance of irrigation pump- 
ing plants. Field performance data are 
now being taken by a number of well 
drillers who also serve as equipment 
dealers. The rapid acceptance of the 
performance criteria by irrigators and by 
equipment dealers is further evidence of 
the practical application of the data re- 
ported in this paper. 
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. . . Environment for Sheep 
(Continued from page 549) 


than that of cattle, and that young growing 
sheep appear to have a slightly higher tem- 
perature than old sheep (over two years of 
age). There was little difference between 
light and heavy wooled sheep. 

Minimum heart rates taken seven to eight 
hours after feeding followed the same 
pattern. 

Dutt and Hamm (3) divided a group of 
six sheep into three pairs of two each. One 
pair was kept as a control and the remainder 
used for measuring the effects of one week 
at 90 F, 60 to 65 percent relative humidity, 


the southern desert sheep. The temperate- 
type sheep have thick and compact wool 
coats, suited to their environment. The 
coats of the northern desert sheep are 
coarser and less compact, and of the south- 
ern desert sheep consists only of fine short 
hair similar to that of zebu cattle. Wilson 
(14) observed that in cold countries animals 
tended towards the fleecy coat of the sheep, 
whereas in warm regions hair was more 
strongly developed and wool absent. This 
has to do, however, with the adaptation of 
a breed to an environment, rather than the 
effect of environment upon wool produc- 
tion. J. F. Wilson (13) states that shrink- 
age (the percent of weight of grease wool 


Environment 
Relative Respiration 
Temperature humidity rate Pulse rate Body 
Pair Treatment deg F percent per min per min temperature 
I Control 37-55 --- 35 Normal Normal 
II Sheared 90 60-65 134 Increased Increased 
III Not sheared 90 60-65 178 Decreased Increased 


and air velocity of 20 to 60 fpm upon fer- 
tility, respiration rate, pulse rate, and body 
temperature, the results being as follows: 

The motility of the sperm was less and 
number of abnormal cells was greater in 
pairs II and III than in pair I. It took eight 
weeks to return to normal. 


Lee and Robinson (6) found that only 
above an environmental temperature of 90 F 
did changes in relative humidity affect rectal 
temperature, and also at any constant rela- 
tive humidity above 90F, the rectal tem- 
perature rose with increases in dry-bulb 
temperature alone. 


Findlay (4) summarizes the work of 
others with respect to the effects of tem- 
perature upon evaporative loss and function 
of the skin, humidity of fleece, etc. 

Climate and Wool. Sheep are classed by 
Hammond (5) into three types: the tem- 
perate type, the northern desert sheep, and 


lost in the process of scouring) is influenced 
by the climate the sheep run in, and the 
amount of dried perspiration. “Shrinkage 
may vary from as little as 25 percent in very 
coarse wools, grown where sheep are sub- 
jected to heavy rains over long periods, to 
well over 70 percent in fine wools produced 
in sections of the country where sand storms 
are common.” 

Effect of Light. Hammond (5) has sum- 
marized the observations of Sykes and Cole 
(12) and Yeates (15) upon the relation of 
light to the sexual season of sheep. “Light 
plays the major role in regulating the repro- 
ductive pattern of sheep.” 

General. Lee (7) suggested that the graz- 
ing sheep “receives more solar radiation 
than does man when the sun’s altitude is 
high, but less when it is low. It is, there- 
fore, more subject to solar heating than 
man in hot weather and less in cold 
weather.” 
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Riek et al (8) states that “It is evident 
that the sheep is amongst the most tolerant 
of domestic animals to rise of air temper- 
ature.” 
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Cool Head for 
Hot Days with 


Air-Conditioned 
Helmet 


* 


An Idea Sprouting from Space-Age 
Technology Promises Cool, Summer 


Comfort for Farm Workers 


* 


Basic components of the Whitecap are the helmet, 
flexible vinyl connecting hose, a refrigeration unit 
and a filter. The unit's electric motor wires into any 
12-volt ignition circuit or into a converted 6-volt system 
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HE operators of the vehicles shown on this page are not of the 

new order of space pilots suddenly ‘come down to earth,” per- 

haps to help ‘‘dad” over the hump with some of the seasonal 
farm work. These men are simply sporting Whitecaps, new air- 
conditioned helmets developed by an agricultural-minded engineer with 
wide experience in the field of electronics and allied manufacturing, 
and with a special interest in the possibilities for the application of 
space-age technology to the needs of agriculture. Manufacturers are the 
Jamieson Laboratories, Inc., Santa Monica, Calif. 


The helmet is made of lightweight fiberglass, and, as an aid to 
safety for the operator, it is provided with a faceplate of clear shatter- 
proof plastic that gives good protection against flying objects. A 
flexible vinyl air hose connects the helmet to a refrigeration-filter unit 
which is driven by a small electric motor. The unit can be readily 
transferred from one machine or implement to another, thus making 
it possible for any piece of tractor-operated equipment to be “‘air- 
conditioned.’’ The electric motor wires into any 12-volt ignition circuit 
or into a converted 6-volt system. Cooling capacity is 1,200 Btu’s per 
hour maximum; blower output is 5cfm. The unit's centrifugal type 
filter is reported as 95 percent efficient on material 10 microns and larger. 

This one-man air-conditioner is an outgrowth of the research on 
space suits. Not only does it cool and dry the air, but it reportedly 
filters out dust, pollen, chaff, fungi and insects. Clean, cool air circu- 
lates inside the helmet around the head and face of the wearer, thereby 
helping him to feel comfortable all over, even on the hottest day. It 
is further claimed for this air-conditioned unit that, under specially 
humid conditions, it effectively removes excess moisture from the air 
by condensation on the cooling coils. 
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Beams. 


Beams of many shapes, such as rec- 
tangular, tee, I, box, double tee and 
channel are commonly used in con- 
struction. As shown in the example, the 
simplest of these, the rectangular and 
tee shapes, can be built in many dif- 
ferent sizes that will carry a set load. 
It is readily apparent that the dimen- 
sions are strictly dependent on the needs 
and wishes of the designer. This free- 
dom makes the design job interesting 
and permits real creativity. 


Rectangular beams range from deep 
and narrow to wide and shallow. A deep 
beam requires less reinforcement and is 
usually the most economical. The beam 
depth should not be more than three 
times its width, and lateral support or 
bridging to prevent buckling is needed 
at intervals not greater than 32 times 
the beam width. 

At the other extreme, the wide shal- 
low beam is useful in locations of lim- 
ited headroom. No limitations on width 
prevail; in fact, a reinforced concrete 
slab is designed as a series of wide flat 
beams. 


Tee beams provide a wide compressive 
area with only a limited stem width in 
the tensile area. As may be seen by 
comparing Tables 1 and 2, a tee section 
will carry moments approximately 
equal to those carried by a rectangular 
beam of similar width and depth. How- 
ever, the amount of concrete used in 
the tee section is considerably less than 
in the comparable rectangular section. 

Most tee beams are a part of a con- 
crete floor system where the slab and 
beam are built integrally. Under such 
conditions the maximum flange width 
**b”’ allowed in design is the least of the 
following: 

(1) % the span length of the beam, 
or (2) 16 times the flange thickness ‘“‘t”’ 
plus the stem width “‘b’,” 
or (3) the center to center distance be- 

tween parallel tee beams. 

For isolated tee beams where the tee 
shape is used solely to provide addi- 
tional compressive area, the maximum 
allowable flange width “‘b” is 4 times 
the stem width “‘b’.”’ The flange thick- 
ness ‘‘t’’ shall be not less than one half 
the web thickness ‘‘b’.”” 


Use of Tables 1 and 2 

Tables 1 and 2 are useful to (1) design 
reinforced concrete beams and (2) de- 
termine the approximate moment ca- 
pacity of beams of known size and 
reinforcement. 


Creative building designs reflect the imagination 
of the designer and the skillful use of structural 
materials. Materials available only in set sizes and 
shapes limit creativity. Concrete does not. Con- 
crete members can be designed in many sizes and 
shapes to satisfy one specific requirement. 
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It’s interesting to design with concrete ° 


7 
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. a size and shape for every need 


RECTANGULAR 
BEAM 


TABLE 1 


b, d and t are in inches. 
M is in foot pounds. 
As is in square inches. 


*The lower values of 


Procedure for Design: 


(1) Choose any Ai from Table 1 (or Ta- 


ble 2 for tee beams). The lower values 
will give smaller amounts of rein- 
forcement and resulting deeper 
beams. The higher values ap- 
proach a balanced design with con- 
crete and steel both stressed near 
the design limit. 

(2) Read the corresponding constant 


for 57° 


(3) Solve for combinations of b and d. 
With these known, solve for As. 


Design Example 


Problem: Design a rectangular beam 
for a moment of 20,000 ft. Ib. 


(1) Choose ts. Say 0.005 


(2) Therefore, Mt = 7.1 


20,000 


—— = 7.1 bd? = 2,820 


This is the third of a series of reports showing 
design techniques with concrete applied to specific 
parts of a building. The paragraphs and tables 
that follow show simple design methods for rein- 
forced concrete beams. These methods are approx- 
imate but result in safe, economical designs. 


TABLE 2 


As As 
2h ia ra [= To 


ASSUMPTIONS AND UNITS: 


3,000 psi concrete (1,350 psi allowable compression). 
20,000 psi allowable steel stress in tension. 


5 may be controlled by factors other than the 


load-carrying ability of the beam. (See discussion under Tee beams.) 


TEE 
BEAM 


0.08 to 0.27 
0.09 to 0.29 
0.13 to 0.32 
0.18 to 0.36 
0.25 to 0.38 
0.41 to 0.41 


(3) Set up table of combinations of 


bd? = 2,820 

b d As = 0.005 bd 
8 18.7 0.75 

10 16.8 0.84 

12 15.4 0.92 

24 10.8 1.30 


Smaller beams with more reinforcement 
can be omceper’ by starting with a 


larger value of — a. Tee beams with 


many different flange widths and thick- 
nesses can be similarly determined from 
Table 2. 
Cautions: (1) The dead load moment 
of the beam must be included in the 
total design moment. (2) Shear and 
bond stresses should be checked by 
methods described in ACI 318-56, 
“Building Code Requirements for Re- 
inforced Concrete.” 

For more information on reinforced 
concrete design, write for free booklet, 
distributed only in the U.S. and Canada. 


PORTLAND CEMENT ASSOCIATION 
Dept. A9-1, 33 West Grand Ave., Chicago 10, Illinois 


A national organization to improve and extend the uses of concrete 
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Agricultural Engineering 
Education News Invited 


Howard L. Wakeland has been designated 
as editor of the Agricultural Engineering 
Division, American Society for Engineering 
Education. He has also been appointed a 
member of the ASEE Editorial Committee. 

In these capacities he invites contribu- 
tions of news items, comment, professional 
papers, and reports relating to agricultural 
engineering education, for consideration for 
publication in the Journal of Engineering 
Education. Contributions should be ad- 
dressed to Howard L. Wakeland, Assistant 
Dean, College of Engineering, University 
of Illinois, Urbana, Illinois. 


Outstanding Record Made by 
AE Graduates at Nebraska 


An outstanding record is exemplified by 
the twelve 1959 graduates in agricultural 
engineering at The University of Nebraska. 
Sigma Tau, the honorary fraternity for the 
College of Engineering, had eight out of 
the twelve graduates as members. Six of 
the twelve were elected to membership in 
Sigma Xi, while nine of the twelve were 
represented in either Sigma Tau or Sigma 
Xi. The two men not recognized in an 
honorary engineering or honorary scientific 
fraternity ranked above the average in the 
graduating class in the College of Engi- 
neering. A $1100 scholarship was granted 
to one graduate. Three of the twelve are 
going ahead with graduate work. Of 32 
undergraduates elected to Sigma Xi during 
the spring semester, six of 16 engineers 
were agricultural engineers. 


Opens Farm Equipment Research and Engineering Center 
\ Fae ’ ees ‘ ‘ Z r aN 


: 


International Harvester Co. in July officially 
opened its new million dollar farm equipment 
research and engineering center at Hinsdale, 
ill. The 10-acre structure, which took two-and- 
one-half years to build, brings under one roof 
nearly all of the scientific and technical staffs 
responsible for creating, designing and testing 
the company’s farm and industrial tractors and 
farm implements of all types. 

The new building contains approximately 
455,000 sq ft of floor space — 101,000 sq ft is 
used by research and engineering laboratories; 
169,000 sq ft for experimental shops; and 
100,000 sq ft for offices and drafting rooms. 


Farmway Joins New Holland 


To continue its expansion in the farm- 
stead mechanization field, New Holland 
Machine Co. has purchased the Farmway 
Co. of Manawa, Wis., manufacturer of silo 
unloaders and barn cleaners. In announcing 
the purchase, George C. Delp, president of 
New Holland, said that the transaction in- 
cludes the company’s factory at Manawa, 
and Farmway’s major products. Carl 
Dretzke, founder and president of Farm- 
way, will remain in charge of the Manawa 
operation as general manager. 


Chrysler Adds Diesel 
Engines to Sales Line 


A complete line of diesel engines will be 
added to the Chrysler's Marine and Indus- 
trial Engine Division sales line, according 


EVENTS CALENDAR 


September 12-27—40th Swiss National Fair, 
Lausanne, Switzerland. For further in- 
formation write to Consulate General of 
Switzerland, 75 E. Wacker Drive, Chi- 
cago 1, Ill. 


September 14-17 — SAE National Farm, 
Construction and Industrial Machinery 
Meeting, Milwaukee Auditorium, Mil- 
waukee, Wis. Write to Society of Auto- 
motive Engineers, Inc., 485 Lexington 
Ave., New York 17, N. Y. 


September 16-18 — Southern Farm Equip- 
ment Manufacturers Ninth Annual Meet- 
ing, Sedgefield Inn, Greensboro, N. C. 
Contact SFEM headquarters at 3224 
Peachtree Road, N.E., Room 207, Atlan- 
ta, Ga., for details. 


September 28 - October 1 — The American 
Welding Society fall meeting, Sheraton- 
Cadillac Hotel, Detroit, Mich. AWS head- 
quarters at 33 W. 39th St., New York 
18, N. Y., may be contacted for further 
details. 


September 28 - October 2 — National Hard- 
ware Show, The Coliseum, New York 
City. Additional information may be ob- 
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tained from NHS executive offices, Suite 
1103, 331 Madison Ave., New York 17, 
 - 


October 4— Annual Meeting of the Dairy 
Society International, Empress Hotel, 
Miami Beach, Fla. Additional informa- 
tion may be obtained by writing to DSI, 
1145 19th St., N.W., Washington 6, D.C. 


October 8-10 — Mid-American Lawn, Gar- 
den & Outdoor Living Trade Show, Inter- 
national Amphitheatre, Chicago. Com- 
plete data and floor plans are available 
from the Mid-America Lawn, Garden & 
Outdoor Living Trade Show, 331 Madi- 
son Ave., New York 17, N. Y. 


October 11-14 — Farm Equipment Institute 
1959 Convention, Queen Elizabeth Hotel, 
Montreal, Quebec, Canada. Write to FEI, 
608 S. Dearborn St., Chicago 5, Ill., for 
further details. 


October 11-16 — Pacific Area National 
Meeting of the American Society for 
Testing Materials, Sheraton-Palace Hotel, 
San Francisco, Calif. Write to ASTM 
executive offices, at 1916 Race St., Phila- 
delphia 3, Pa., for complete details. 
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The remainder is devoted to service departments. 

All of the company’s farm equipment ad- 
vanced engineering and all farm equipment 
product engineering, except that at East Mo- 
line and Memphis Works, will be centered at 
the new facility. 

At its peak, employment at the center is 
expected to be about 1,500 people. Admin- 
istration and operation of the center is under 
the direction of William W. Henning, manager 
of engineering for Harvester’s Farm Equipment 
Group. Henning is assisted by W. R. Dalen- 
berg and H. P. Smith, assistant managers of 
engineering. 


to an announcement by Arthur S. Hudson, 
president of the division. An agreement has 
been signed with Klockner-Humboldt-Deutz 
of Germany, one of the largest diesel manu- 
facturers in the world, and its subsidiary in 
the United States, Diesel Energy Corp., 
New York City, to represent their high- 
speed engines in the U.S. 


Oliver Fair 


The Hippodrome of Waterloo, Iowa, has 
been selected as the site of the Oliver Fair 
at which the farm and industrial equipment 
manufacturer will present to its dealers the 
new and improved machines that have been 
developed for distribution in 1960. The fair 
will extend from November 13 through 
December 15. Carl L. Hecker, company 
president, has announced plans to centralize 
the annual presentation program, heretofore 
conducted in a series of branch area 
meetings. 


Scholarships 


The first recipient of the Virgil Overholt 
Scholarship at Ohio State University is 
Robert McClure. This annual $300 scholar- 
ship is provided by Hancock Brick and Tile 
Co. of Findlay, Ohio, and is awarded to an 
outstanding and deserving agricultural en- 
gineering student. 


The Standard Oil of Ohio's $300 annual 
scholarship at the University of Ohio was 
awarded this year to Roger L. Badenhop of 
Hamler, Ohio. Second, third, and fourth 
place winners are conducted on a three-day 
all-expense-paid tour of places of outstand- 
ing agricultural engineering interest. Funds 
for this trip are presented by the Ohio 
Association of Retail Lumber Dealers, Ohio 
Drainage Contractors Association, Ohio 
Farm Electrification Council, and the Ohio 
Tractor and Implement Co. (Ford) Trust 
Fund. 

Establishment of a scholarship fund for 
University of Vermont students enrolled in 
agricultural engineering has been announced 
by the Central Vermont Public Service 
Corp. The fund, called the Ralph J. Bugbee 
Scholarship Fund, will award a $200 schol- 
arship each year to deserving students in 
each of UVM's four classes. The scholar- 

(Continued on page 573) 
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Heavy-Gage Walls... 
Another reason why Armco Buildings 


are a better way to build 


Extra metal thickness! That’s one reason for the high quality 
and added durability of Armco Steel Buildings. 22-gage wall 
panels—up to twice as thick as ordinary metal building cover- 
ing material—assure long, trouble-free service. Armco Steel 
Buildings remain attractive, fire-safe and storm-tight with- 
out costly maintenance. 

The wide size range—more than 5,000 standard sizes— 
makes it easy to meet your specific needs. Clear-span widths 
range from a few feet to 100 feet. For the complete Armco 
Building story write for your copy of the ARMCO FARM 
BUILDING CATALOG. Armco Drainage & Metal Products, 
Inc., 7789 Curtis Street, Middletown, Ohio. 


Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND DIVISIONS: Armco Division » Sheffield Division » The National Supply Company 
The Armco International Corporation * Union Wire Rope Corporation » Southwest Steel Products 
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Richard T. Brown has been promoted to 
manager of The Oliver Corp. plant in 
South Bend, Ind. He joined the corpora- 
tion in South Bend in 1950, serving suc- 
cessively as a design engineer, assistant chief 
engineer, and for the past two years as pro- 
duction superintendent. He is a graduate of 
Ohio State University where he earned B.S. 
degrees in Agriculture in 1942 and Agri- 
cultural Engineering in 1946. From 1942 
to 1946 he was in the U.S. Army Corps of 
Engineers, attaining the rank of captain. 


William R. Mogg recently has been pro- 
moted from sales manager to general man- 
ager of Crucible Steel Company's Spring 
Division. He will be responsible for all 
phases of the division's operations, includ- 
ing production, sales, personnel, and admin- 
istration. Prior to joining the company, he 
was sales manager of special products at the 


a 
R. T. Brown 


Cleveland Graphite Bronze Co., a division 
of the Clevite Corp., where he had been 
employed since 1940 in various sales, en- 
gineering, and production capacities. 


J. A. Kriva has been recently appointed 
works engineer for the main plant of Ceco 
Steel Products Corp., Cicero, Ill. Previously, 
he was with the Warner Electric Brake and 
Clutch Co., South Beloit, Ill., where he held 
the positions of project engineer and man- 
ager of manufacturing engineering. He 
earned a degree in mechanical engineering 
from Marquette University, Milwaukee, 
Wis., in 1943. 


Henry A. Parker, formerly sales man- 


NECROLOGY 


Alfred J. Wojta, associate professor of 
soils and agricultural engineering at the 
University of Wisconsin, passed away July 
21, 1959, in a Madison, Wis., hospital after 
a long illness with 
cancer. He was born 
near Menomonee, 
Mich., in 1909 and 
| reared and educated 
in Wisconsin, receiv- 
ing a B.S. degree in 
agricultural engineer- 
ing, in 1931, and a 
B.S. degree in me- 
chanical engineering, 
in 1932, from the 
University of Wiscon- 
sin. Following gradu- 
ation, he became a 
heating and _ ventila- 
tion engineer for a local heating concern. 
From 1935 to 1946 he was employed by the 
Soil Conservation Service successively as 
senior camp engineer, superintendent of 
four erosion control CCC camps, state safety 
and equipment engineer, district conserva- 
tionist and area agricultural engineer. 

Mr. Wojta received a civil engineer di- 
ploma from the International Correspond- 
ence Schools, Scranton, Pa., in 1946, and 
joined the staff at the University of Wiscon- 
sin the same year, as an assistant professor 
of soils and agricultural engineering. Two 
years later, he transferred to teaching and 
research in the agricultural engineering de- 
partment. In 1953 he received an M.S. de- 
gree in agricultural engineering from the 
University. 

Among his many activities, he had been 
chairman of the Wisconsin Grassland Field 
Days program and general manager of the 
Wisconsin Farm Progress Field Days pro- 
gram. In 1947, he initiated, in cooperation 
with other staff members, the land forming 
program designed to provide the ultimate in 
surface water control and ease of working 
field areas with large modern equipment. 
Mr. Wojta had also been active as state 
drainage engineer, a member of the Water 


A. J. Wojta 
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Regulatory Board, and a_ professional 


engineer. 


He joined ASAE in 1939 and served as 
vice-chairman of the Soil and Water Divi- 
sion in 1952 and as chairman in 1953. In 
1954 he was chairman of the Division’s 
Steering Committee; in 1957 served as 
chairman of the Surface Drainage Commit- 
tee, and was a nominee for national vice- 
president for 1958-59. He also held mem- 
berships in the American Society of Agron- 
omy, Soil Science of America, Soil Conser- 
vation Society, Wisconsin Chapter, and 
National Society of Professional Engineers, 
Wisconsin Extension Workers Association, 
and Alpha Zeta, agricultural honorary 
fraternity. 


He is survived by his wife and a son, 


Alfred, Jr. 


W. O. Beyer, a member of ASAE since 
1952, passed away on February 18, 1959, in 
Pittsburgh, Pa. He was 81 years old and 
active until the time of his death. Mr. Beyer 
received the degree of Mechanical Engineer 
from Cornell University in 1902. He was 
associated with Jones & Laughlin Steel 
Corp. from 1905 to 1909, and was em- 
ployed as a sales engineer with the Dravo- 
Doyle Co. of Pittsburgh until 1914. His 
next position, from 1915 to 1933, was dis- 
trict manager of the Pittsburgh office of The 
Falk Corp. He worked for the City of Pitts- 
burgh as chairman of the Civil Service 
Commission from 1933 to 1936. At this 
time Mr. Beyer became interested in the 
study of irrigation problems and the need 
for an inexpensive, but practical, form of a 
quick release pipe coupling suitable for use 
in distributing water and other fluids un- 
der variable pressure, which led to his in- 
vention of a special coupling for irrigation 
systems. Beginning in 1944 and through 
1948, he directed and operated production, 
sales and installation of his patent at the 
McDowell Manufacturing Co., and up until 
the time of his death had been retained by 
them in an advisory capacity. 


J. A. Kriva H. A. Parker 


ager of the Utica, N. Y., branch of The 
Oliver Corp., has been promoted to regional 
sales manager of its eastern division. Prior 
to his position at Utica, he was territory 
manager of the company’s South Bend, Ind., 
branch. While on leave from this position, 
he attended the University of Indiana, earn- 
ing a master’s degree in business adminis- 
tration in 1957. He became associated with 
the A. B. Farquhar Co. of York, Pa., now a 
division of Oliver, in 1947. 


Kenzo Yoshida, formerly research engi- 
neer in the farm machinery second division 
of the agricultural engineering department, 
Hokkaido National Agricultural Experiment 
Station, Kotoni, Sapporo, Japan, recently has 
accepted a position as professor in the agri- 
cultural engineering department of the 
Allahabad Agricultural Institute, India. 


Bruce A. Foster has been promoted re- 
cently to the position of account executive 
with Aubrey, Finlay, Marley & Hodgson, 
Inc. in Chicago. Bruce joined the adver- 
tising firm in 1956. Formerly he was asso- 
ciate editor of Farm Implement News. 


John Ransom, formerly product man- 
ager, has been promoted to the position of 
advertising and sales promotion manager of 
Minneapolis-Moline Co., Hopkins, Minn. 
He was born at Davenport, Iowa, and is a 
graduate of Denison University, Granville, 
Ohio. He joined the company in 1928, 
serving as assistant advertising manager un- 
til 1932 when he was named sales supervisor 
at Columbus, Ohio. In 1934, he became ad- 
vertising manager of B. F. Avery & Sons 
Co., Louisville, Ky. When Minneapolis- 
Moline bought the Avery firm in 1951, he 
was appointed director of product research 
and training, and in 1957 was named prod- 
uct manager. 


Lovis M. Glymph, Jr. has been ap- 
pointed to the post of acting chief of the 
Watershed Technology Branch, Agricultural 
Research Service, USDA, Beltsville, Md. 
Prior to his new appointment, Mr. Glymph 
was assistant chief, 


Leslie D. Lee, who has been associated 
with the Delmar, Del., plant of the Ralston 
Purina Co. since 1957, has been transferred 
recently to the company’s plant at Camp 
Hill, Pa. 


Ralph M. Titcomb, formerly with the 
manufacturing training program of Gen- 
eral Electric Co., has been recently placed 
in the position of quality control engineer 
for the company's Knoll’s Atomic Power 
Laboratory. 


John K. Hale has been recently promoted 
to product improvement engineer at New 
Holland Machine Co. In his new position, 
he has charge of product improvement for 
all the machines manufactured at the Belle- 
ville, Pa., plant. Prior to his new appoint- 
ment he was staff designer for the company 
at New Holland, Pa. 
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@ The manufacturers of most American cars, trucks, 
tractors and farm equipment have long specified Cleve- 
land Graphite Bronze bearings, bushings and washers 
as standard. The same holds true in diesel and marine 
engines, household appliances, machinery and elec- 
trical equipment. Here are two good reasons why... 


CGB has consistently pioneered in bearing and bushing 
design having designed and introduced the majority 
of types now in general use. The first rolled bronze 
bushing—the complex trimetallic flanged bearing are 
developments that prove the long span of this engi- 
neering and metallurgical leadership. 


Advanced and unique manufacturing techniques in- 
cluding the development of strip mills for continuously 
casting molten babbitt metal or molten copper-lead 
on steel strip is again indicative of our leadership. 

These are just two of many reasons why it will pay 
you to consider Cleveland Graphite Bronze bearings, 
bushings or washers before you specify. 

Want specific data? Just write, wire or phone and a 
qualified engineer will be glad to work with you. 


ere’s the most 
specified bearing and 
bushing line there is! 
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Pacific Northwest Section 


The Pacific Northwest Section will hold 
its annual meeting October 14-17 at the 
Ephrata Recreation Center and Grant County 
PUD Building Ephrata, Wash. Activities 
will begin Wednesday morning, October 14, 
with a tour of Priest Rapids Dam, to be 
followed by a program and social hour 
in the evening. The general program will 
begin Thursday morning, October 15, with 
addresses on contractual relationship with 
the three Columbia Basin irrigation districts, 
by Phil Nalder, project manager, Columbia 
Basin Irrigation Project; the importance of 
mechanization in modern farming and to the 
agricultural engineer, by L. H. Skromme, 
chief engineer, New Holland Machine Co. 
and national president of ASAE; a look at 
the poultry industry in the Pacific North- 
west, by C. F. McClary, geneticist for Heis- 
dorf and Nelson, Kirkland, Wash.; and 
agricultural engineering problems in Alaska 
by C. Ivan Branton, Alaska Agricultural 
Experiment Station, USDA, Palmer, Alaska. 

At a luncheon meeting on Thursday, 
Ralph Gram, area development manager, 
Western Power and Development, Ltd., 
Vancouver, B. C., will speak on agricultural 
considerations in an area development pro- 
gram. National ASAE president, L. H. 
Skromme, will be the featured speaker at 
the luncheon meeting on Friday. His topic 
will be: “National Affairs of ASAE.” 
H. W. Barlow, director, Washington State 
Institute of Technology, Washington State 
University, will be the speaker at the an- 
nual banquet scheduled for Friday evening. 
He will speak on “The Changing Patterns 
of Academic Research.”” Presentation of the 
Student Awards papers will be included in 
the Friday afternoon meeting. 

Thursday afternoon will be devoted to 
tours. A total of four different tour options 
have been scheduled. A student dinner, 
courtesy of R. M. Wade & Co. will be held 
Thursday evening. Three concurrent ses- 
sions will be held also on Thursday even- 
ing. The Power and Machinery program 
will include papers on hay wafering, the 
history of self-propelled hillside harvesters ; 
ptoblems of the design engineer; and a 
panel discussion. Subjects to be discussed 
at a joint Electric Power and Processing and 
Soil and Water program are: New develop- 
ments in buried sprinkler systems; experi- 
ences with phase converters on irrigation 
pumping installations; where are we going 
in soil moisture testing?; and automation 
possibilities in irrigation. The Farm Struc- 
tures program will consist of discussions on 
controlled atmosphere storage of apples; 
new developments in fruit harvesting; and 
professional service — how do we give it? 

Three concurrent sessions will also be 
held on Friday morning. C. B. Richey, chief 
research engineer, Tractor and Implement 
Division, Ford Motor Co., Birmingham, 
Mich., will present a paper on an auto- 
matic tractor-guiding attachment on the 
Power and Machinery program. Also in- 
cluded on this program will be a paper on 
laying plastic drain tile, by J. L. Diamond, 
agricultural application section, sales de- 
velopment division, Caterpillar Tractor Co., 
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Peoria, Ill., and a panel discussion. The Soil 
and Water Program will include discussions 
on surface irrigation efficiency studies; de- 
sign capacities for sprinkler systems; and 
weed screens for farm irrigation systems; 
also progress reports on potato irrigation re- 
search demonstration. Subjects to be cov- 
ered at a joint Electric Power and Process- 
ing and Farm Structures program are: Feed 
mechanization and hay pelleting in Cali- 
fornia; mechanization F livestock opera- 
tions and poultry operations; potato han- 
dling and storage; and refrigerated potato 
storage. 

A special Ladies’ Program is planned with 
ee of interest for each of the three 
ays. 


Ohio Section 


October 11 and 12 at the Ohio Agricul- 
tural Experiment Station, Wooster, is the 
time and the place of the Ohio Section fall 
meeting. The two-day meeting will open 
with a weiner roast and picnic at 5:30 
p.m. on Sunday, followed by progress re- 
ports of 1960 Convention Committees. At 
9:30 a.m. on Monday the dedication and 
acceptance of the new Agricultural Engi- 
neering Building, OAES, will take place. 
Following the dedication, a business meet- 
ing will be held, after which the staff of 
the new building will discuss the future 
agricultural engineering research program 
and the future USDA, ARS, pesticide and 
equipment research program. A tour of the 
building and equipment will be made be- 
fore lunch time. L. H. Skromme, ASAE 
national president, will be the speaker at 
the twelve o'clock luncheon. Monday after- 
noon will be devoted to tours on and near 
the OAES campus. 


lowa Section 


The Iowa Section will meet on Friday 
evening, October 2, for a dinner meeting 
at McNeal Hi-Way Hotel, Des Moines, 
Iowa. Featured speaker will be J. L. French, 
chief product engineer, John Deere Equip- 
ment Works, who will discuss problems in 
designing light industrial equipment. 


Chicago Section 


The annual meeting and field trip of the 
Chicago Section will be held on Tuesday, 
September 29, at The Thor Research Center, 
Thor Power Tool Co., Marengo, Ill. For 
“seeing’’ attention the program will include 
the grass incubator, the latest in farm shops, 
and soil conservation in action. For “listen- 
ing’. attention will be a paper on what's 
new in tractor testing, by L. F. Larsen, Uni- 
versity of Nebraska. For “enjoyment” a 
luncheon out in the country is scheduled. 


Georgia Section 


The Georgia Section will hold its fall 
meeting on November 13 and 14 at the 
Georgia Center for Continuing Education, 
Athens. The program is in the process of 
being formulated and details will be an- 
nounced later. Special attention is called 
to the Georgia-Auburn football game on 
November 14, which members will be able 
to attend after the close of the meeting. 


Hawaii Section 


A technical meeting of the Hawaii Sec- 
tion is scheduled for Wednesday, October 
14. Three papers will be presented; two of 
them will deal with the use of strain gage 
to help solve engineering problems in sugar 
and pineapple industries; the other one will 
deal with the soil and water field. For addi- 
tional details contact Jaw-kai Wang, secre- 
tary, Agricultural Engineering Dept., Uni- 
versity of Hawaii, Honolulu. 
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ASAE MEETINGS CALENDAR 


September 29—CHICAGO SECTION, The Thor 
Research Center, Thor Power Tool Co., 
Marengo, Ill. 

October 2—Iowa SECTION, McNeal Hi-Way 
Hotel, Des Moines, Iowa. 

October 2-3 — KENTUCKY SECTION, Mam- 
moth Cave, Ky. 

October 9-10 — TENNESSEE SECTION, Uni- 
versity of Tennessee, Knoxville. 

October 11-12 — Onto SEcTION, Agricul- 
tural Experiment Station, Wooster, Ohio. 

October 14—Hawat SEctIoNn. Contact Jaw- 
kai Wang, secretary, Agricultural Engi- 
neering Dept., University of Hawaii, 
Honolulu. 

October 14-17 — PaciFic NORTHWEST SEC- 
TION, Ephrata, Wash. 

October 22-23 — ALABAMA SECTION, Enter- 
prise, Ala. 

October 24—MICHIGAN SECTION, Michigan 
State University, East Lansing. 

November 13-14—GEoRGIA SECTION, Geor- 
gia Center for Continuing Education, 
Athens. 


December 16-18 — WINTER MEETING, Pal- 
mer House, Chicago, IIl. 

June 12-16—ANNUAL MEETING, Ohio State 
University, Columbus, Ohio. 


Nore: Information on the above meetings, 
including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


Michigan Section 

The Michigan Section will hold a meeting 
on October 24 at Michigan State Univer- 
sity, East Lansing, preceding the MSU- 
Indiana football game. Other meetings are 
scheduled for February 12 in the Detroit 
area, and on May 6 in Battle Creek when 
L. H. Skromme, ASAE president, is ex- 
pected to attend. More details will be avail- 
able at a later date concerning these meetings. 


Power and Machinery Report 
(Continued from page 509) 


Committee on Tractive and 
Transport Efficiency 

The Committee on Tractive and Transport 
Efficiency was formed early in 1959 to ex- 
change information and stimulate research in 
this field. Tractive efficiency (percentage of 
engine power effective at the drawbar) of 
current farm tractors ranges from 70 percent 
down to 35 percent for field operations in 
various soil conditions. This low level of 
efficiency offers a challenge and an oppor- 
tunity to agricultural engineers. Recent tire 
developments offer possibilities of improve- 
ment and this committee hopes to stimulate 
and facilitate progress. It is under the 
leadership of Dr. A. W. Cooper, Director of 
the National Tillage Machinery Laboratory, 
USDA, Auburn, Alabama, and is composed 
of representatives of the tractor manufac- 
turers, the tire manufacturers and public 
service researchers in this field. 

In summary, the Power and Machinery 
Division is moving ahead with increased 
committee and program activity in order to 
help maintain and enhance the leadership of 
agricultural engineers in the area of crop 
production equipment. 

Respectfully submitted, 
C. B. RICHEY, 
1958-59 chairman. 
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4-cycle 
Short-stroke 
Air-cooled 


@ Conservatively rated, reliable. 


@ Kohler Co. has manufactured internal 
combustion engines for 38 years. 


@ Short stroke means more usable power, 
cuts engine friction. 


@ Hot spark assures quick, easy starting 
in all weather. 


@ Balanced crankshaft -ball bearings at 
both ends. 


€ Cylinder and crankcase are made from 
metallurgically controlled close 
grained cylinder iron. 


Send for illustrated booklet 
FROM 3 TO 24 H.P. 


“Air-cooled Engines + Precision Controls 
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Four-Purpose Hog Pen 


Starline, Inc., Harvard, Ill., announces 
development of a four-purpose, all-steel hog 
pen which it claims will enable hog raisers 
to use a single hoghouse through the entire 
swine life cycle. Flexibility of use has been 
accomplished by eliminating the need for 
concrete curbs and by designing the pens 
with removable farrowing-crate rails and 
pen partitions. The basic hog pen is formed 
of panels standing approximately 37 in. 
high, with 5-in. spindle spacing in the upper 
section and 2%-in. spacing below. Panels 


are available in any length to fit the job. 
A standard 24-in. gate is located in the 
center of the pen partition on the alley 
side. This center location of the gate makes 
it possible to convert the pen to a farrow- 
ing crate. It is said this pen is easily con- 
verted to a pig creep from the farrowing 
crate arrangement by removing the straining 
bar and the four rails on one side of the 
pen. Mangers and watering troughs for 
use in the pen are also available. By re- 
moving the remainder of the rails and the 
partition between pens, several of the pens 
can be opened up to increase the area 
needed for growing pigs or larger hogs. 
The absence of curbs and the all-steel con- 
struction, it is claimed, simplify cleaning 
and disinfecting of these pens. 


Bulk Feed Dust Collector 


Ripco Air Systems, Oxford, Pa., an- 
nounces a new compact dust collector to be 
used with their pneumatic bulk-loading and 
unloading systems. Designed primarily for 
use when unloading bulk feed into open 
bins, hog feeders and the like, the dust col- 


lector through a swirling action separates 
air from the grain, dropping the grain by 
gravity and allowing the dust-free air to 
escape through the opening in the top. 
Compact in size, and measuring 14 in. in 
diameter and 16 in. deep, the collector can 
be carried in a truck on all trips, ready for 
use when needed. 
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Portable Transmission Unit 
Calhoun Mfg. Co., Cedar Falls, Iowa, an- 
nounces a portable transmission unit for 


use on false endgate or chain web wagon 
boxes. It has a 120-to-1 gear ratio and 


weighs 62 lb. It is equipped with carrying 
handles for transfer from one wagon box 
to another. It can be used with any unload- 
ing mechanism and may be driven by a 4 
or Y hp electric motor or a gasoline engine. 


Braid Weave for Wire Cloth 


Reynolds Wire Div., National-Standard 
Co., Dixon, Ill., announces it has developed 
an integral flat braid for weaving into wire 
cloth thereby providing a firm, workable 
edge. It is claimed that the strengthened 
edge of the wire cloth can be gripped, im- 
bedded or otherwise fastened by methods 
previously impractical with wire cloth. It 


is also said that safety from injury due to 
the sharp ends of cross wires is improved. 
The braid weave is available in 2-mesh to 
8-mesh hot-dip galvanized wire cloth. It is 
woven up to 48 inches wide, and may be 


slit from 2 to 12 inches wide. The braid 
weave is made by including a flat braid as a 
warp (lengthwise) wire. After weaving, the 
wire cloth is hot-dip galvanized and then is 
slit through the braid to the reinforced 
edge. Cross wires are held firmly in place 
and the edge of the slit cloth is structurally 
strengthened by the braid. 


Flexible Metal Tubing 


The International Metal Hose Co., Belle- 
vue, Ohio, announces three grades of flex- 
ible metal tubing in an enlarged range of 
sizes and materials. This tubing is made 
with interlocked construction of strip metal 
in a choice of thicknesses from 0.010 to 


0.034 in. and is available in galvanized, 
cold rolled and stainless steel, and bronze. 
Various weights and metals are available 
for applications as dust and fume collectors, 
suction and blower hose, blow-pipe and 
ventilating systems, agricultural dusters and 
fog sprayers, etc. 
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Finger-Tip Transmission Control 


Caterpillar Tractor Co., Peoria, Ill., an- 
nounces a new finger-tip transmission con- 
trol for its DW20 and DW21 tractors, now 
available as optional equipment. A prime 
advantage of the new control, claimed by 
the manufacturer, is that it permits opera- 
tors to shift up or down instantly by merely 
dialing a desired gear range, which elim- 
inates the necessity of performing the usual 


gear-shifting operations required by stand- 
ard direct-drive transmissions. The new de- 
vice is controlled by a gear selector located 
to the right of the operator at arm level. 
Mounted on top of the control box, it re- 
places the gear-shift lever. The standard 
clutch foot pedal is retained for use only 
when the machine is started from a stand- 
still. This new system was originated and 
designed expressly to meet the demands of 
heavy earth-moving service. 


Four-Row Corn Head 


International Harvester Co., 180 N. Mich- 
igan Avenue, Chicago 1, Ill., announces a 
new big-capacity four-row corn head for use 
on its McCormick No. 151 combine. This 
new corn head is a mechanical device that 
adapts a combine for the picking and shell- 
ing of corn. It snaps four rows of corn at 
one time carrying the ears to the thresh- 


ing cylinder of the combine where the ker- 
nels are shelled from the cobs. This corn 
head, presently on a limited preproduction 
basis, features a deep, low-angle design, 
which can pick four rows of corn simultane- 
ously at spacings of 38, 40 or 42 in. It is 
claimed that long gathering points assure 
positive feeding of leaning and down stalks 
to star-type snapping rolls. 


1959 


Waa ae ok Ls 
ae eee ee eye EA Ye kk ee 
5 Bip ye 8 Sn a ese a a 
eee _ Dee Pir be -- Eaagie 
Ee ah Ae 7 
: ‘ sp eer 
3 eae 4 a a le 
tah tp a3 \ | Hagia 
ligne ¢ are 
Reet ais) a ne 
Rasy « gifts ae: | 
Bir mig ast Femare vf 
. aioe WSS Rees 
eats Jb 3 Pe a eae i 
MT: am pee 
eee: || a, ae 
Eos ae © i . Py a 
Rion , _ pat 
i om PROMS )* _ 
ee Ee E: : . Par 
Nene at ae 4 ~ ! ba 
ae ae “si SS A ON OE IT Ta ie aan pe 
> xem nr ees 3 p =e re Sa 
Yoke eh ee | a. 4 ey - 
rar 5) -—. hte be 
hae? a3 i j a es 
te 4 va ae \ 
Pe aa re 
ah ae > ee 
Misa) ay z & v an - . 
Be Sea ee Bata > ‘fe ae 
Pa” am | ee wer sa ‘ , ie 
ee is oe o ft Boi , P 
ran Sg 9 oo eaN m i x 
Niet eae zy , ieee ike, 7 
pS ae ae 6 NS . - iw i? 2 
ra | a % oa a x : 
Cae Aw | aR ON | Ss 
Be ae , \we Fe = mB wo ioe 
eae Nits Bo aeyy i 
a te = he _ 
ee ee ae 7 : \ ae 
aoe aeee . \ A 
ee a 2 ; ee 
pee og . i \ poet 
ea Ag 
ere 9 fe) oe 
a ee : * Mie 
ame ee: 
Pecan . a . 4% ea) 
PPh me all — > ae “ Sey ay 
Pp ? ) cae aan Ce 
fe aa 2 i De Pr =, — @& a : 
as 5 dial — .. ets ar se 5 Ml Be 7 ¥ 
ee == # as ee i ate E ; &§ 
ay ed vo © ee at &2 . _ ee papain a as 
re sini es * Seen, Se = 
co a eee eee ‘» ee, ee ; x 7 
Dy “Teeers Geena ie on .) ‘ et 3 
is if iat a omar is 3 . ay. 
ae tg ARES : onc, a ane ipe- Game g oor 
ae de eo : ete 
i Res a) — oe 7: a ; as: 
Be = ae (ke ee OS Remy am ea i s ee f i = 
Ae ayo aa | _ 4 ee 
oe : me ot ‘iia P: 
oe RT. i le a) ‘hii : 2 aa = 
ST ee eee meet cs aba re os ile & : mp tes 
it he es, ie SS. ee & 4 ee 
par haa ea) a] a bai a g ana _ - pea te 
tes Cate oe cae Aas fs. 9 ig z pao 
‘ee ae 82 Ps ko ext 
Ges! ; ee 
Shen che. d Fe oe 
ar eee Bick 
i oad ig: 
ote J ae —. - 6 Saget 
ert, oe i , : 5 
ee al ‘ SS ahs 
ee tar a ‘ + 4 Noted at 
a \ we a jai 
WaPopmee te, \ . \ Sa a Zé { 
Fo. See meat AN A 1 | 
Pa gk oo \ ‘ , a e, | 
BOR Sa oa ae ~~ q —— Es 3 
pits fe ee Ay “3 3 4 ee 4 x 7 
ean tae Sa ¥ ; —_s oo. ag 
Ry nee ae ee © ~\? Ve fae 
KOR Sete > “gal = 6 > i , eee 
ee ta Je ss -) aa * % » arr fey 
ones ae ee ee ne ve 
Sere ae Se Be Le ae | aoe 
SLATE et a 7 gehts 
oy See i = i, a e . ai 4 “ag 
Re MS a _ ate it a nar 
eo ce ee, ae a is 
Shean ee iti 
venge i 
2 eee j - er 
Vers best 
Wp cnet i aot te 
Os 5) Si =n 
“ae Bee 
G- : eae ey 
ee: i me 
eb Pp Pe ie 
Dh cae: ie 
ae Be 
sae ar 
aa ees 
e a ah ie : 
eer Pad 
sae etait he > 
eR” sd 7 oem 
SO ae ae ang 
eae iS 
5 as SS aa 
‘path ecee r ie 
pe ee j age 
eetetoerse. -_ / Ps 
SR =, = a > . ra 
Yh: ae — a a ! ca: a - 
eo a oe Sy ome ‘ weer —mki, - 
Sean > -_ ae = 2 
pee Anes be a wo a nota Cad ae 
San arn : Bee wy z } Rees 
ae Si 5 = (Ce 
Beha set ce ks, A. = 
cis a Pew os: 
Se nee 3a ae Pe Float % Nats 
ir a Ee pau ; il aes 
x - "o aa + : > a . Ei 
Soi a - F p= _ j me a ee 
oA Wee J : “ z # a ‘ ae 
& Roce : 3 : ¥ — al at : os: 
mv Sg Pe ' eo , a P 4 ; “ - | ae (ees 
Ea pees ad a f ‘ Pin ’ : Mote. 
See f ’ a- - : : 4 
ohh a 4 w 4 £ j 
ee ; 7 £ . \ : 
Pe Riser: =F vie cf. Oe 
tanreie e fi . ss: 
Bey e ail ey 
ate hs ia Be ig 
: Lee yo eg ae 
Piet ts cae ‘hs 
ae FF, power Rie 
Rees oh 
BAA eo ae fai 
aera mae : 
ve eee E. 
ae. tae a 
ge Nios dae es 
Bee “a 
eo by, ase || ie 
a Sere ue 
a reey ee: pee 
Tae ee . 
se t Gane iz 
Ret eign G., - s 
Oia area te ee ae Re e tee 
Berea, Sie Aah Per Gps es Fs eee eee ee ee ne 
oo ae 2° + as as Ea ae eee ae 2. 
Bo sf. ee Bye ries eee ee Pe or oe ee al Perr sige , be 
= at ‘ees: a tee rh ae - ae a 
< Ae 4 Raa RN SS 3 ‘ ee ts % Rs tamed Reel ay os Boe , ae 
“sy ree; Se os 1B: e een See 25% \ ga fa Bie ound ae - ae aa 
ae oe ee Ce a aig Rap ie pias < z Des Se eam ( Ficellme e8 5 bias 
r a La Dea uss oat ae en is ta Pe ie hi Bo tae see - _ i an 
ARO a i eee Tt i Sas Basie a a Fe a 
i ao oo SR i... Pater Mb 3 
rs ‘gogeee soot are rs i a Bi 
on > cored oe ae ne as ie ws 
Cha ee Nalin» Bare ae a =: 


Cay * 


bi a 


Oil-impregnated Chain Bushings 


Whitney Chain Co., subsidiary of Foote 
Bros. Gear & Machine Corp., 303 West 
Hamilton Street, Hartford 2, Connecticut, 
announces that, as a development of 
the company’s research, it is offering oil- 
impregnated, sintered steel bushings that are 
claimed to provide lifetime lubrication for 
the company’s chain products. It is claimed 
that this development solves the basic chain 
problem, namely, that more damage is ordi- 
narily caused fg faulty chain lubrication 
than by years of normal service. It is 
claimed that this development assures com- 
plete built-in lubrication at all three critical 


chain lubrication areas, namely, (1) pin, 
(2) plates, and (3) sprocket engagement. 
In operation, pressure and heat cause the 
built-in lubricant to expand and flow from 
the bushings, thereby providing a constant 
supply of lubricant to every working part of 
the chain. When operation of the equip- 
ment stops, the bushings reabsorb the oil, 
thereby assuring a permanent supply for the 
life of the chain. All essential dimensions 
of Whitney standard and extended-pitch 
chain conform to ASA standards, thereby 
simplifying specification for new equipment 
or as a replacement for existing drives. 


Spray Jet for Broadcast Spraying 


Spraying Systems Co., 3226 Randolph St., 
Bellwood, Ill., announces a new direction 
jet for broadcast spraying which combines 
spray nozzle and control valve in one assem- 
bly for spray selection without leaving the 
tractor seat. With this new jet the wide 
swath spray required in broadcast spray- 
ing may now be controlled, says the manu- 
facturer, and varied to meet wind and field 
conditions without leaving the tractor seat. 
The jet is designed with a control valve that 
provides spray to either the left or right side 
of the tractor, or to both sides at one time, 
as well as on-and-off control. The entire 
desired sequence of operations can be con- 
trolled by the operator without leaving the 


tractor seat. Since the spray can be shut off 
to either right or left, it can be set in the 
down-wind direction on windy days. This 
control feature is also of advantage when 
spraying near fence rows or buildings. The 
jet is easily mounted on a tractor with the 
control handle positioned convenient to the 
operator. The operator has complete control 
of the spray and may select type of spray 
and control shut-off in any desired way. 
The jet provides a choice of 5 different ca- 
pacity ranges. The valve assembly is made 
of aluminum and stainless steel with nylon 
packings for maximum resistance to chem- 
icals. Application of this new unit includes 
the broadcast spraying of grains and grasses 
and the spraying of liquid fertilizers, where- 
as the accuracy of a spray boom is not 
required. 

(Continued on page 562) 
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ACME’S SUPER Performance 


Roller Chains for 


Just a few of the 35 chain drives 
illustrated in ACME’s new catalog. 


TS TORR Seve: 
FIXED CENTERS 


: — > cae Hy 
_ Idler on outside of chain 
WRITE DEPT. 9-Q for 
new 100-page illustrat- 
ed catalog, including 
new engineering section 
showing 35 methods of 
chain adjustments. 


Call ACME for Service 


COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS *« DOUBLE PITCH CON- 
VEYOR CHAINS * STAINLESS STEEL CHAINS * CABLE CHAINS ¢ FLEXIBLE 
COUPLINGS « STANDARD AND SPECIAL ATTACHMENTS 
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e STRENGTH 
¢ DEPENDABILITY 
e ENDURANCE 


ACME Chains are designed and 
engineered to deliver positive 
power transmission and perform 
each specific job with maximum 
efficiency and economy. Sprocket 
ratio, chain impact, tension, drive 
speed and other factors are deter- 
mined, not on the drawing board 
alone, but in the field where 
ACME Engineers observe and test 
chains at work while new equip- 
ment is being designed. In that 
way, ACME Chains are made to 
deliver positive power transmis- 
sion with economy and dependa- 
bility under all loads at all times. 

ACME Engineers are constant- 
ly at your service — just write or 
phone Holyoke, JEfferson 2-9458. 


: HOLYOKE 
Dati /  wassacnuserrs 
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FOR BEST VALUE buy Labeled 
sheets, which show weight of zinc 
coating. And for longer, stronger 
service, specify heavy-coated 
roofing and siding such as the 
“Seal of Quality” 

. .©. With galva- 

nized sheets, you 

get the strength 

of steel, the pro- 

tection of zinc. Preferred by thou- 
sands of users. Proved by time 
itself. Feature by feature, they’re 
your best buy. Check and com- 
pare with any other material! 


STRUCTURAL STRENGTH and 
rigidity; withstand 
rough treatment 


YEARS OF RUST-FREE 
SERVICE; little or 
no upkeep problems 


EASIEST TO HANDLE, lay and 
nail; stay put, hold at 
nail-holes 


LIGHTNING PROTECTION, 
fireproof, ratproof, 
pleasing appearance 


LOW COST ALL THE WAY, 
to buy, to apply and 
thru the years 


P Teele eeleetie ellen ele ener een 


1FREE!“DO-IT-YOURSELF" MANUALS, 


U Write: AMERICAN ZINC INSTITUTE ! 
; 324 Ferry Street 
I Lafayette, Indiana Dept. AE9 


1c Facts About Galvanized Sheets 
to How To Lay Galvanized Sheets 
1G Metallic Zinc Paint for Metal Surfaces 
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. . . New Products 
(Continued from page 561) 


Square-Hole Tapered Bearing 


The Timken Roller Bearing Co., Canton 
6, Ohio, announces development of a new 
square-hole tapered roller Gates that has 
been engineered for the rugged use on a 
disk harrow. The disks are mounted on a 
square axle which in turn is supported by 
square-hole bearings thus assuring a posi- 
tive lock against rotation of the inner bear- 
ing race on the axle as well as positive lock- 
ing of the disks. The disks thus locked turn 
freely and truly with each rotation of the 
axle. The square bore simplifies mounting 
or assembly and disassembly, since the 
bearing can be mounted directly on the 
square axle. Since the bearings are fitted 
with limited clearance the axle is free to 


deflect slightly to compensate for heavy 
shock loads on the disk assemblies. Square- 
hole spools, which act as spacers between 
the disks, are likewise positively locked 
against rotation. By eliminating rotation of 
both the bearing and the spools on the 
axle, friction and wear between the bearing 
ends and the spool is eliminated. A tight fit 
between bearing, disks, and spacer spools 
can be maintained. Lubrication twice a year, 
at the beginning and end of each season, is 
all that is required. Another important fea- 
ture of this bearing application is the ex- 
tended cone which has a hardened smooth 
ground surface, which enables the grease 
seals to operate at maximum efficiency in 
keeping dust and dirt out, lubricant in, and 
maintenance down. 


Mechanical Indicator Filters 


Purolator Products, Inc., Rahway, N. J., 
announces a new mechanical indicator with 
high or low-flow filters to provide a differ- 
ential-pressure signal when cleaning is re- 
quired. The new filters are adaptable to 


any fluid system in which differential pres- 
sure can be used for measurement; they 
are capable of withstanding full-line pres- 
sure (4500 psi) and are operable under 
extreme temperature conditions. The filters 


employ a non-magnetic, pressure-sensitive 
piston which, when actuated by changes in 
differential pressure across the filtering ele- 
ment, transmits linear motion to an indi- 
cating mechanism which releases a visual 
button. Manual reset is accomplished sim- 
ply by depressing the indicator button until 
it automatically engages the detent, and re- 
mains in a hidden position. Depending on 
the filtering media used, the degree of fil- 
tration for the new indicator filters ranges 
from 5 to 50 microns. 


Farm Utility Pump 


Goulds Pumps, Inc., 61 Black Brook Rd., 
Seneca Falls, N. Y., announces that it has 
developed a lightweight general farm utility 
pump which operates from a tractor power 
take-off drive and is specially useful for 
small irrigation projects, tobacco seed irriga- 
tion, and low-pressure liquid-fertilizer ap- 
plications. Designated Figure 1956, the 


pump has a pumping capacity of 10 gpm at 
100 rpm, although the pumping capacity 
will increase in the same ratio as the speed. 
For maximum effectiveness, it should not be 
operated under 200 rpm except when pump- 
ing thick, viscous liquids. Maximum dis- 
charge head is 100 feet which is equivalent 
to 43 lb discharge pressure. It is completely 
portable since it weighs only 36 lb. 


Crop Driers 


The Oliver Corp., 400 W. Madison St., 
Chicago 6, Ill., announces the addition to 
its farm machinery line of two sizes of recir- 
culating crop driers to provide more flexi- 
bility in preparing grain for early market- 
ing or storage. The smaller machine has 
recirculating sections holding 300 bushels 
while the larger machine has 600-bushel 
capacity. The smaller machine has four 


>= 
7 ae 


(Ait le atin 


recirculating bins while the larger machine 
has eight. Each bin has 75 bushels capacity 
and the number can be varied according to 
need. A movable canvas closure with gar- 
ner bin divider facilitates drying of small 
quantities. Heat for the drying operation 
is supplied by LP-gas burners ranging from 
50,000 to 4,000,000 btu output, operating at 
all temperatures from zero F. Heat intensity 
is self-adjusting and is regulated by safety 
controls that are said to prevent accumula- 
tion of pockets of wet or scorched grain, to 
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save fuel and to protect grain quality. Trac- 
tor power-take-off power circulates the grain 
from the bottom to the top of the bins, 
while an air cleaner removes dust and trash 
in this process. The metering rolls provide 
uniform and positive recirculating rates. 
Both driers, the larger weighing 7,583 Ib 
and the other 5,219 lb, are portable. 


Chain-Type Gutter Cleaner 


H. D. Hudson Mfg. Co., 589 E. Illinois 
St., Chicago 11, Ill., announces a new chain- 
type gutter cleaner for dairy barns. Known 
as the “Hercules,” this cleaner features self- 
aligning ball bearings on all shafts in the 
power transmission unit. Other features of 
the unit are roller-chain drive on reduction 
gears, special alloy sprockets and pulleys, 
and heavy welded channel-steel frame. The 
unit is protected from the weather by a 
deep-skirted galvanized steel hood. The 
bed and sideboard of the elevator are formed 


from a single piece of extra-heavy galvan- 
ized steel to increase strength and maintain 
true alignment. The width of the “loaded” 
side of the elevator is adjustable to any gut- 
ter width by merely adjusting the center 
beam on the bed. The basic elevator is 8 ft 
long but can be extended with standard 4 or 
8-ft sections. The chain is a special analysis 
heat-treated steel, oversize ¥% inch in diam- 
eter. Flights are 2-inch high carbon steel 
angle. All parts of the cleaner are standard 
and can be adapted to almost any barn. It 
fits 14, 16 or 18-inch-wide gutters. 


Sliding Ridge Cap 

Aluminum Company of America, 1501 
Alcoa Building, Pittsburgh 19, Pa., an- 
nounces development of an aluminum slid- 
ing ridge cap designed for easy alignment 
and fast installation of its aluminum roof- 


ing sheet. It is claimed the two-piece cap 
eliminates alignment problems common to 
the use of one-piece ridge caps. It is said 
to adjust easily to align with aluminum 
roofing sheets on both sides of the roof. 
The cap is embossed with the same pattern 
featured on the company’s roofing sheet. 


Machine Protection 


Herculite Protective Fabrics, 125 Sussex 
Ave., Newark 3, N. J., announces that it has 
developed a new vinyl-coated nylon fabric 
for protecting machinery from early morn- 
ing frost and other weather damage. De- 
veloped primarily to prevent forming of 
frost on aircraft parts, the company is de- 
veloping the possibilities of this product 
for other applications, including farm equip- 
ment. The product is a specially developed 
vinyl-coated nylon fabric to which ice 
and snow will not adhere, nor will it stiffen 
or crack under cold-weather conditions. 
Weighing only 6 ounces per square yard, 
this product is lightweight, extra strong and 
water and shrinkproof. Another feature of 
this product is that covers made from it 
need not be dried before storing, as it is 
not subject to mildew or rotting. 


Plastic Tile Layers 


A tractor-pulled device which will form 
and lay heavy gage vinyl plastic drainage 
conduit to depths up to 30 in. is now in 
advance stages of development, according 
to an announcement by cooperators in the 
project. 

The device is being developed jointly by 
Caterpillar Tractor Co., Union Carbide 
Plastics Co., Division of Union Carbide 
Corporation, Rome Plow Co., and the Agri- 
cultural Research Service of the U.S. Depart- 
ment of Agriculture. 

The machine opens the soil and forms 
the plastic into a circular tube form, under- 
ground. Recent field tests in California in- 
dicated that the machine may be expected 
to lay more than 1,000 ft of conduit per 
hour. Test installations are being closely 
followed to determine performance. 


seen aemeaaa een seam tte 


How to make | 
g00d equipment better 


It is a self-evident fact that no machine is any ie 
better than the power that drives. it. When the flues 

engine fails, the entire machine fails. A costly 
investment in mechanized equipment can be 
; made far more costly if the power unit does not 
fulfill its obligations to the machine, the user, 
| and the manufacturer. 
The better the engine, the 
better the machine. 


It is on this premise that 
Wisconsin Heavy-Duty 
Air-Cooled Engines merit your serious consid- 
eration. These rugged engines are the result of 
50 years of engineering development and prog- 
ress — built to high performance standards 
instead of down to a low price. 


Materials and components are of the highest 
quality for heavy-duty service, long life, low- 
cost maintenance and trouble-free operation 
at all temperatures from extreme cold to 140° F. 


| Compare and evaluate = 


1959 * SEPTEMBER * AGRICULTURAL ENGINEERING 


ISCONSIN 
heavy-duty 


—Hhiitoaled engines a 


Judge them feature for feature with any other 
engines of comparable horsepower. Supplied 
in 12 different models, 3 to 56 hp., there is a 
type and size Wisconsin Engine to fit most 
ideally machines operating within this horse- 
power range. 


Specify “WISCONSIN” for your equipment. 
And write for free copy of engine bulletin 
S-237. Tell us about your power problems. 


WISCONSIN MOTOR 


CORPORATION 


MILWAUKEE 46, WISCONSIN 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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LITERATURE 


Literature listed below may be obtained 
by writing the manufacturer. 


Hydraulic Hose and Tube Bulletins 
Eastman Mfg. Co., Manitowoc, Wis. — 
Eastman technical bulletin No. 100 de- 
scribes medium pressure hydraulic hose and 
tube assemblies. Copies are available for 
distribution. The bulletin contains 36 pages 
devoted to exclusive Eastman features found 
in medium to low-pressure Eastman hy- 
draulic hose and tube assemblies, with ac- 
curate dimensional drawings and complete 
tables of available sizes. Also available is 
the company’s technical bulletin 200 on 
high pressure assemblies. Copies of both 
bulletins are available on request. 


DUAL 


prive CLUTCH 


Simplified Power Division 


Between PTO and Vehicle Drives 


This is a foot-controlled, spring-loaded clutch of rugged con- 
struction. It drives both the vehicle transmission shaft and the 
power take-off shaft. Power is transmitted to the power take-off 
by a hollow shaft, driven by a splined hub in the clutch cover 
plate. This hollow shaft operates at all times the engine is run- 
ning. The vehicle transmission shaft operates inside the hollow 
shaft. This Dual-Drive design results in dependable control and 
transmission of full engine power to vehicle driving-wheels and 


power take-off. 


Gives dimensions, capacity tables and complete 
specifications. Suggests typical applications, 


ROCKFORD Clutch Division BORG-WARNER 


1325 Eighteenth Ave., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, II. 


De: FOR THIS HANDY BULLETIN =] 


Crawler Tractor Catalog 


J. I. Case Co., Utility Sales Div., Racine, 
Wis.—A 2-color, 4-page catalog — 
heavy-duty attachments to expand the wor 
capacity of the company’s utility crawler 
tractors. It features also direct-mounted 
tools for crawler-loaders, bulldozers, and 
drawbar tractors. Also described and illus- 
trated is a flexible 3-point hitch power take- 
off for operating a variety of allied and 
agricultural-type attachments. 


Spotweld Fasteners 


The Ohio Nut and Bolt Co., 33 First 
Ave., Berea, Ohio— A new brochure, bul- 
letin 595, gives complete information on 
parts for spot welding. In addition to com- 
plete dimensional information, the bulletin 
illustrates typical applications for spotweld 
fasteners and gives complete welding recom- 
mendations for all parts to the most popular 
metal thicknesses. 


Oil or Dry 


'; Multiple Disc 


Heavy Duty 


Power 


Speed 


aan 
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Variable-Speed Pulleys 


T. B. Wood's Sons Co., Chambersburg, 
Pa.—A 12-page bulletin giving technical 
data on the company’s line of ‘MS’ vari- 
able-speed pulleys designed to eliminate 
freezing and sticking. The bulletin gives 
technical data for five sheaves designed for 
ratings of 2, 3, 5, 10 and 15 hp. 


Variable-Speed Drive Bulletin 

Sterling Electric Motors, Inc., 5401 Tele- 
graph Rd., Los Angeles 22, Calif., an- 
nounces publication of bulletin No. 195 
describing its new variable-speed drive. De- 
tailed information on the company’s remote 
controls is included. 


Hay-Conditioning Booklet 


International Harvester Co., Consumers 
Relations Dept., 180 N. Michigan Ave., 
Chicago 1, Ill.—A 20-page booklet (CR- 
1294-1) describing how hay conditioning 
cuts curing time and boosts feeding value. 
Charts and photographs illustrate how ac- 
credited tests held throughout the country 
prove that conditioned hay dries faster. 


Gas Turbine Engine 


Curtiss-Wright Corp., Santa Barbara Div., 
Att. Customer Relations, P.O. Box 689, 
Santa Barbara, Calif.—A catalog sheet 
describes the company’s lightweight, minia- 
ture gas turbine engine which can be used 
as an auxiliary power unit, a portable pump- 
ing system, or a portable pneumatic system 
source. 


Motor Scraper Bulletin 


Allis-Chalmers Mfg. Co., Construction 
Machinery Div., Milwaukee 1, Wis. — A 16- 
page catalog giving engineering features of 
the company’s TS-260 motor scraper pow- 
ered by the company’s 16000 diesel engine 
developing 230hp. It includes pictures of 
the scraper, its power plant, etc., and also 
information on the A-C 20-ton rear dump 
wagon and specifications of both wagon and 
motor scraper. 


Asphalt Liners 


W. R. Meadows, Inc., 2-18 Kimball St., 
Elgin, Ill.— A 30-page book describing the 
company’s prefabricated asphalt mats or 
panels under the trade name ‘“Hydromat,” 
which have a wide variety of uses for the 
control and conservation of water, for the 
containment of liquids, including unlined 
farm ponds, irrigation ditches, etc. 


Nickel Casting Alloys Booklet 


International Nickel Co., Inc., 67 Wall 
St., New York 5, N. Y. — A 27-page book- 
let intended as a compact guide to the major 
nickel-containing casting alloys, including 
condensed, informative data on the range of 
properties offered, industries served, and 
general applications for each of the alloys 
included. 


Pyrotex Parts Booklet 


Raybestos-Manhattan Corp., Equipment 
Sales Div., Bridgeport, Conn.— A 12-page 
bulletin on the physical properties and ap- 
plication of Pyrotex, the company’s asbestos- 
reinforced, thermosetting phenolic resin 
plastic. Descriptions of this product to 
various fields of application are included. 


LP Gas 


Marvel-Schebler, Century Products Div., 
Borg-Warner Corp., Decatur, Ill.—A 24- 
page booklet “LPG Motor Fuel and You,” 
containing factual information and illustra- 
tions of complete LP motor fuel systems, 
conversion instructions, compression tests, 
cold manifold operation, installation instruc- 
tions and electric-circuit wiring. Complete 
data on the safety, economy and availability 
of LP-gas is included. 
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Fertility Investigations on the Black Earth 
Wheatlands of the Darling Downs, Queens- 
land, by S. A. Waring, W. E. Fox, and 
L. J. H. Teakle. 


Lighting the Farm Buildings, by D. P. 
Brown, D. E. Wiant, and R. L. Maddex. 
Circular 734, June 1958. Cooperative Exten- 
sion Service, Michigan State University, 
East Lansing, Mich. 


Fluid Milk Plants in the Southeast, by 
James C. Taylor and Ralph W. Brown. 
Marketing Research Report No. 232, 1958. 
Price, 30 cents. Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington 25, D.C. 


Annales de L'Institut National de la 
Recherche Agronomique, Serie A, Annales 
Agronomiques. 146-page booklet, January- 
February, 1958. Summaries in English are 
given. Institut National De La Recherche 
Agronomique, 7, rue Keppler, Paris, France. 


Progress Report, 1953-1957, Experimen- 
tal Farm, Fredericton, New Brunswick. 
Catalog No. A56-41, 1957. Experimental 
Farms Service, Canada Department of Agri- 
culture, Ottawa, Ontario, Canada. 


The following articles are reprinted from 
the Quarterly Bulletin, Michigan Agricul- 
tural Experiment Station, Michigan State 
University, East Lansing, Vol. 41, No. 4, 
May 1959: The Use of a Recording Resist- 
ance Bridge in Soil Moisture Studies (Ar- 
ticle 41-79, pages 768 to 777), by L. H. 
Stolzy, G. A. Crabb, Jr. and A. E. Erickson; 
Cost of Michigan Fruit Storage Buildings as 
Affected by Size and Type of Construction 
(Atricle 41-80, pages 779 to 790), by I. J. 
Pflug and M. W. Brandt; Soil and Air Tem- 
perature as Affected by Polyethylene Film 
Mulches (Article 41-86, pages 834 to 842), 
by Shigemi Honma, Frank McArdle, John 
Carew and D. H. Dewey; and Labor Re- 
quirements for Herringbone and Other 
Milking Systems (Article 41-96, pages 905 
to 921), by B. A. Brown, W. W. Snyder, 
C. R. Hoglund and J. S. Boyd. 


Proceedings of the First Intersociety Con- 
ference on Irrigation and Drainage, co- 
sponsored by the American Society of Agri- 
cultural Engineers, the American Society of 
Civil Engineers, and the Soil Science Society 
of America, in cooperation with the U. S. 
National Committee, International Commis- 
sion on Irrigation and Drainage. 134 pages. 
Price, $4.50. U. S. National Committee, 
International Commission on Irrigation and 
Drainage, P.O. Box 7826, Denver 15, Colo. 


Application of Newton’s Equation to 
Moisture Removal from Shelled Corn at 
40-140° F, by C. W. Hall and J. H. Rodri- 
guez-Arias. Reprinted from the Journal of 
Agricultural Engineering Research, Vol. 3, 
No. 4, pages 275 to 280, 1958. Carl W. 
Hall, Agricultural Engineering Dept., Mich- 
igan State University, East Lansing, Mich. 


Tractor Operation and Daily Care. 112 
pages. Price, $2.00. Southern Associaticen of 
Agricultural Engineering and Vocational 
Agriculture, Barrow Hall, Athens, Ga. 


Reports on tests of Ransome FR-THR 
1006 Dise Harrow (No. 203); “Saflex”’ 


P.T.O. Safety Guard (No. 204) ; “Hanover” 
Dise Harrow (No. 205); and Wilder 
“Maulti-Masta”’ Forage Harvester/Scrub Cut- 
ter (No. 208). Agricultural and Horticul- 
tural Engineering Abstracts, Vol. X, No. 2, 
1959. Abstracts 439 to 918. The British 
Society for Research in Agricultural Engi- 
neering, National Institute of Agricultural 
Engineering, Wrest Park, Silsoe, Bedford- 
shire, England. 


Thirty-Fourth Annual Report of the Kan- 
sas Committee on the Relation of Electricity 
to Agriculture. December 1958. Agricul- 
tural Engineering Dept., Kansas State Col- 
lege, Manhattan, Kans. 


Report of Research in Progress in Agri- 
cultural Engineering During 1957-58, by 
C. V. Paul and E. C. Peter. Reprinted from 
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the Allahabad Farmer, Vol. XXXII, No. 6, 
November 1958. C. V. Paul, Head, Agri- 
cultural Engineering Dept., Allahabad Agri- 
cultural Institute, Allahabad, U. P., India. 


Harvesting Blueberries Mechanically, by 
Scott Hedden, H. P. Gaston and J. H. Levin. 
Article 42-2. Reprinted from the Quarterly 
Bulletin, Vol. 42, No. 1, pages 24 to 34, 
August 1959. Michigan Agricultural Ex- 
periment Station, Michigan State University, 
East Lansing, Mich. 


Mechanization of Citrus Fruit Picking, 
by J. P. Jutras and G. E. Coppock. Re- 
printed from the Proceedings of the Florida 
State Horticultural Society, Vol. 71. Octo- 
ber 1958. Florida Citrus Experiment Sta- 
tion, University of Florida, Lake Alfred, 
Fla. 
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Roofing Nails 


ie 


No one type of nail is good for all types 
of duty. That’s why DENISTON de- 
signed a nail especially for use in applying 
metal roofing. One that would give a seal 
through which no moisture can penetrate. 


DENISTON ‘‘Lead-Seal”’ galvanized 
metal roofing nails have proven their effi- 
ciency because of these advantages— 
“‘lead-seal’’, triple-lock, drive screw shank 
and heavily zinc-coated for protection 
against rust. With this combination you 
get a nail that will easily last the lifetime 
of a roof. To insure superior quality, 
DENISTON ‘“Lead-Seal’”’ nails are now 
available in galvanized finish only. 


Ali DENISTON nails are shipped in 
50 lb., 3-ply corrugated colorboard cartons. 
Descriptive literature will be sent immedi- 
ately upon request. 


DENCO Lead-Head Metal Roofing Nails 


6,000 pounds of pressure is used 


to compress the lead cold, bo 


and under the steel head of the nail 
as well as down the shank. This in- 
sures a tight head that is impossible 
to knock off when driving the nail. 
In addition, the lead forms a perfect 
seal in the hole made by the nail. 
The heads will not “pop”’ off from 
the expansion and contraction of 
the metal roofing nor from wind 


fF 

H | ° . 
peak! vibration. 
& 


th over 


32 Years of Quality Nails 


THE DENISTON 


4876 South Western Avenue 


IN CANADA: EASTERN STEEL PRODUCTS CO., LTD., PRESTON, ONTARIO 
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RESEARCH NOTES 


Brief news notes and reports on research activities of special agricultural-engineering interest are 
invited for publication under this heading. These may include announcements of new projects, con- 
cise progress reports giving new and timely data, etc. Address: Editor, AGRICULTURAL ENGINEERING, 


St. Joseph, Michigan. 


New Book on Farm Buildings 


Wallace Ashby, J. R. Dodge, and C. K. 
Shedd have written a non-technical book, 
“Modern Farm Buildings,” published by 
Prentice-Hall, Inc. See “New Books” 
column. Mr. Ashby is head of the Livestock 
Engineering and Farm Structures Research 
Branch of the Agricultural Engineering Re- 
search Division of USDA’s Agricultural Re- 
search Service. Mr. Dodge and Mr. Shedd 
were members of the research branch of 
AERD. 


New Project on Farmstead 
Water Requirements 


A new cooperative project on farmstead 
water requirements has been established by 
USDA and the University of Maryland. 
Data will be obtained on the significant 
domestic uses of water on farmsteads. This 
will include volumes, pressures, rates of 
flow, peaks, temperature, and use patterns. 
The information will guide farmers, exten- 
sion workers, equipment manufacturers, and 
others in water-system planning. 

William A. Bailey of the Livestock Engi- 
neering and Farm Structures Research Branch 
of the Agricultural Engineering Research 
Division of USDA’s Agricultural Research 
Service, and George J. Burkhardt. of the 
university's agricultural engineering depart- 
ment will conduct the research. 


USDA Engineer Modifies Inverter 
for Electric Insect Traps 


J. P. Hollingsworth, USDA engineer, has 
modified a commercial inverter for convert- 
ing d.c. from storage batteries to a.c. to op- 
erate electric traps used in insect surveys 
when 110-volt electric service is not available. 

The modified inverter will be particularly 
useful for operating survey traps in remote 
areas of Arizona, Nevada, California, and 
northwestern Mexico. More than 170 elec- 
tric traps, using argon-glow lamps as the 
attractant, were placed in operation in 1958 
by USDA's Plant Pest Control Division. 
This was done to detect the pink bollworm 
moth, following discovery of a new infesta- 
tion of the pest southwest of Phoenix, Ariz., 
in July 1958. 

Design of these traps and discovery of 
the wavelength of ultraviolet light that 
attracts the pink bollworm moth were es- 
tablished by earlier cooperative research in 
Texas by Mr. Hollingsworth and C. P. 
Briggs, also a USDA engineer, working 
with entomologists concerned with cotton 
insects. 

Mr. Hollingsworth and Mr. Briggs are in 
the Farm Electrification Research Branch of 
the Agricultural Engineering Research Divi- 
sion of USDA’s Agricultural Research Serv- 
ice. Their headquarters are at the Texas 
Agricultural Experiment Station, College 
Station. 


Recent Publications Available 


Three recent technical publications of 
USDA’s Agricultural Research Service and 
two popular Alabama-ARS circulars of in- 
terest to agricultural engineers are available. 
The titles are: Suction Reclaimer for Shat- 
tered Seed (ARS 42-24) by Leonard M. 
Klein and Jesse E. Harmond, Mechanical 
Seed Cutting and Handling of Potatoes 
(ARS 42-21) by George W. French, Gin- 
ning Acala Cottons in the Southwest (ARS 
Production Research Report No. 27) by 
Walter E. Chapman, Jr., and Victor L. 
Stedronsky, Mechanized Cotton Production 
in Alabama (Circular 127) by T. E. Corley 


of ARS and the Alabama Agricultural Ex- 
periment Station, and C. M. Stokes and 
F. A. Kummer of the Alabama station, and 
Using Low-Volume Farm Sprayers (Cir- 
cular 126) by Mr. Corley. 

ARS 42-24, ARS 42-21, and ARS Produc- 
tion Research Report No. 27 may be ob- 
tained from the Information Division, Agri- 
cultural Research Service, U.S. Department 
of Agriculture, Washington 25, D.C. Cir- 
culars 126 and 127 are available at the 


Alabama Agricultural Experiment Station, 
Auburn. 


New Miscellaneous 
Publications Available 


Five new USDA Miscellaneous Publica- 
tions that describe building plans available 
through the Cooperative Farm Building 
Plan Exchange have been printed, bringing 
the total number of plans to 36. 

The new publications are: Fence-Line 
Cattle Feeders (M.P. 789), Home-Made 
Milking Stalls (M.P. 790), Breeding Rack 
(M.P. 791), Variable-Width Chute (M.P. 
792), and Screen Chamber for Dairy Barn 
Flushings (M.P. 793). 

The new publications may be obtained 
from the Superintendent of Documents, U.S. 
Government Printing Office, Washington 
25, D. C., for 5 cents each. 


Grass Seeding Aided by 
Plastic Covers 


Grass seedings on certain sites—including 
earth dams, waterways, terrace channels and 
tidges, and lawns—in the semi-arid South- 
west can be started easier if polyethylene 
sheets cover new plantings the first few 
days to keep moisture in the upper one-half 
inch of soil. 

Dr. Thomas J. Army, soil scientist, and 
Elmer B. Hudspeth, Jr., agricultural engi- 
neer, both of USDA’s Agricultural Re- 
search Service, obtained 65 percent emer- 
gence of Blackwell switchgrass in seedings 
covered by clear plastic sheets, removed 
seven days after planting. Similar emergence 
was obtained under black plastic, but the 
plants were abnormal due to lack of light. 
Seedings failed completely in plots not cov- 
ered with the polyethylene sheets. 

The researchers, working in cooperation 
with the Texas Agricultural Experiment 
Station, found that the covers aid especially 
in starting urgently needed grass seedings 
of limited size in medium to fine-textured 
“hardland” soil of the Texas Panhandle and 
adjacent states. Rapid drying and surface 
crusting that occur on some 12 million acres 
of soil in that area often cause new grass 
seedings to fail. 

Best times to use the covers are fall and 
early spring, when warm, moist “‘green- 
house” conditions created are ideal for max- 
imum grass emergence. High temperatures 
that develop under the covers in summer will 
kill grass seedings. Ample moisture in the 
seed zone is necessary before the covers are 
fastened down, but no more should be 
needed, if the covers are properly secured, 
until they are removed. 


About 60 Attend Cotton 
Ginning Conference 


About 60 representatives of the National 
Cotton Council, federal agencies, state uni- 
versities, and industry research and develop- 
ment departments attended the annual 
USDA Cotton Ginning Work Planning Con- 
ference at Clemson, S. C., June 7, to dis- 
cuss cotton ginning research. 
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EXAMPLE: F. J. KOPPEL of Pullman, Washington, 
formerly milked 25-30 cows in a stanchion type barn. 
He decided that a different system was required. The 
site was restricted by a river on one side and a steeply 
rising hillside on the other. He called on H. E. 
Wichers, Agricultural Extension Specialist, and Troy 
Lindley, County Agent, for planning help. In spite 
of the difficulties, his farmstead was reorganized and 
new structures built as shown. He now handles twice 
as many cows, and plans to increase his herd to three 
times as many cows as he formerly milked, without 
any increase in his working time. 


YOU are the specialist farmers look to for advice in 
farmstead organization. Take advantage of the help 
you can get from Your Local Lumber Dealer. Get 
acquainted with him. His knowledge of building or 
remodeling procedures, and the technical material 
available from manufacturers through him will prove 
very useful. 


SEND FOR FREE BUILDING INSTRUCTIONS 

With these complete directions, even the most inex- 
perienced farmers and rural builders can erect well 
built general purpose farm buildings. These durable 
wood structures were designed by agricultural 
engineers at Michigan State University for 
clear-span widths of 24 ft., 30 ft., 36 ft. and 

40 ft. Use convenient coupon or write to 

West Coast Lumbermen’s Association, 

1410S.W. Morrison Street, 
Portland 5, Oregon. 


Use convenient coupon 
or write to West Coast 
Lumbermen's Association, 
1410 S. W. Morrison Street, 


Portland 5, Oregon. > 
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WEST COAST LUMBERMEN’S ASSOCIATION 
1410 S. W. Morrison, Portland 5, Oregon 


Please send me your informational packet on Utility Farm 
Buildings in 24, 30, 36 and 40 ft. widths. Free. 
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New Developments in Fruit Harvesting 
and Handling in the Pacific North- 
west, by S. W. McBirney, agricultural 
engineer, AERD, ARS, USDA, Wenat- 
chee, Wash. Paper presented at the An- 
nual Meeting a ASAE at Cornell Uni- 
versity, Ithaca, N. Y., Jume 1959, on a 
program arranged by the Power and 
Machinery Division. Paper No. 59-117. 


The author discusses the major new de- 
velopments in fruit harvesting in the Paci- 
fic Northwest, including the rapid adoption 
of bulk bin handling of apples and pears, 
the two largest fruit crops, and the use of 
straddle carriers for hauling fruit and empty 
containers between orchard and warehouse. 
He also explains the limited commercial 
use of self-propelled machines with elevat- 
ing platforms for use on ladder operations, 
such as picking, thinning, and pruning. It 
is also stated in the paper that studies are 
in progress on methods of combining labor 
saving principles which should further re- 
duce the cost of fruit harvest, and also that 
mechanization methods are being studied 
for new, prepared types of orchards, such 
as hedgerow plantings of dwarf trees. 


Effect on Relative Humidity When Dry- 
ing Air Is Heated by Combustible 
Fuels, by G. M. Petersen, associate pro- 
fessor of agricultural engineering, Uni- 


versity of Nebraska, Lincoln. Paper 
presented at the Annual Meeting of 
ASAE at Cornell University, Ithaca, N.Y., 
June 1959, on a program arranged ‘by the 
Electric Power and Processing Division. 
Paper No. 59-312. 


This paper presents four special charts 
prepared to simplify the determination of 
changes in relative humidity to be expected 
when air is heated. The charts may also be 
used to determine the change in tempera- 
ture required to produce any desired change 
in relative humidity. One chart is for any 
method of heating which adds nothing but 
heat to the air. Other charts are for the 
three special cases of heating air by direct 
combustion of natural gas, of L-P gas, and 
of gasoline or fuel oil, with all products of 
combustion going into the air being heated. 
Tables prepared in conjunction with the 
charts show, for the same heating methods 
and a range of air temperatures, specific 
heat requirements and the heating rate 
required to produce a one degree change in 
a one cfm air flow. 


A New Analysis of Batch Grain Dryer 
Performance, by G. L. Nelson, profes- 
sor of agricultural engineering, Oklahoma 
State University, Stillwater. Paper pre- 
sented at the Annual Meeting of ASAE 
at Cornell University, Ithaca, N. Y., 
June 1959, on a program arranged by 


the Farm Structures Division. Paper No. 
59-415. 


The theory of similitude and dimensional 
analysis as applied to data from experi- 
ments on drying grain, principally wheat 
and grain sorghum, with loom circulation 
of air, is discussed in this paper. The 
development of dimensionless parameters 
or Pi terms, to include the design and 
operating variables thought to be pertinent 


to the performance of a grain drying sys- 
tem with a batch of uniform depth and 
rate of air circulation, is explained by the 
author. He also states that these parameters 
were evaluated for the experimental data 
and that a generalized equation was then 
developed to include these parameters and 
to fit the values from experiments. The 
prediction equation can be used to com- 
pute average batch drying rates, instanta- 
neous drying rates, and drying rates at dif- 
ferent depths in the batch, according to the 
author. A basis is also presented for de- 
signing experiments on grain drying using 
scaled down or model batch dryers to pre- 
dict performance of prototype installations. 


Solving Water Quality Problems on the 
Farm, by George H. Klumb, technical 
director, Culligan, Inc. Paper presented 
at the Winter Meeting of ASAE in Chi- 
cago, December 1958, on a program ar- 
ranged by the Soil and Water Division. 
Paper No. 58-802. 


The author states that impurities found 
in farm water supplies can cause many 
problems on the farm and in the farm home, 
and that they can be removed and water 
quality problems can be effectively con- 
trolled by the use of water conditioning 
equipment. This paper lists the water 
quality problems on the farm as caused by: 
(1) Hardness caused by calcium and mag- 
nesium which wastes soaps, synthetic deter- 
gents, and compounds used in dishwashing 
and dairy farm cleaning. The solution given 
for this problem is the use of water soften- 
ing equipment; (2) iron and manganese 
which cause rusty or brownish-black stains 
on porcelain, plumbing fixtures, dishes and 
fabrics and ruin the good flavor of coffee, 
tea and other beverages. Oxidation and 


filtration, or, in some cases water softening, 
is advised by the author to remove iron and 
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Steel Tu Le angen tants 2401 25th Avenue, Franklin Park, Illinois «Gladstone 5-6400 
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. Cold Sree and Hot Rolled Seamless 

« Cold Rolled and Hot Rolled Welded 

« Cold Drawn Butt Welded 

« Square and Rectangular Structural 

« Stainless Tube, Pipe, Fittings and Valves 
« PVC Pipe, Fittings and Valves 


« Holobar Aluminum Tubing 
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manganese; (3) hydrogen sulfide, a gas 
dissolved in water, which has an offensive 
“rotten egg” odor, tarnishes silverware, 
corrodes pipes, and stains clothing and 
plumbing fixtures. It is stated in the article 
that this problem can be solved by oxida- 
tion and filtration; (4) acid water which 
rusts pipes and produces staining. This 
condition can be corrected by neutralizing 
the acid, according to the author; (5) con- 
tamination of water by disease-producing 
organisms, which makes the water unsafe 
to drink. This article states that contamina- 
tion can be controlled by disinfection using 
a chlorinator; (6) turbid or cloudy water 
which is caused by the presence of small 
particles of mud or clay and makes the 
water unacceptable for household and dairy 
farm use. It is advised in the paper that 
this cloudiness can be removed by filtra- 
tion; (7) taste and odor produced by 
growth and subsequent decomposition of 
tiny plants called algae in surface water 
supplies. Treating the water in the farm 
pond or reservoir is the solution given for 
this problem; (8) color produced by tan- 
nins and related impurities which can be 
removed by chlorination, coagulation and 
filtration. 


Cost and Return Analysis of Crop Pro- 
duction Machinery Size, by D. A. Link 
and K. K. Barnes, respectively, graduate 
asst. and professor of agr. eng., Iowa 
State College, Ames. Paper presented at 
the Annual Meeting of ASAE at Cornell 
University, Ithaca, N. Y., June 1959, at 
a program arranged by the Power and 
Machinery Division. Paper No. 59-127. 
This paper reports a body of theory which 

attempts to account for the trends in farm 
machinery size, and states that the basic 
approach to the problem is economic. Ac- 
cording to the authors the machine is con- 
sidered as an object into which the owner 
puts money, and out of which he gets a 
useful service, and the optimum-size ma- 
chine is assumed to be the one which 
maximizes the profit from the crop on 
which the machine is used. In this paper, 
profit is acfined as gross revenue (R) 
minus totai cost (C). Both R and C are 
functions of the widths of all the machines 
used in the production of the crop. By 
estimating the losses that result from un- 
timeliness of operation, R is written as a 
function of the width (W) of each of the 
machines used on the crop. Cost is also 
found as a function of W by estimating 
the effect of W on each individual item of 
cost of ownership and operation. Then 
both R and C are differentiated with respect 
to W and set equal to each other. Solving 
the resulting equation for W gives an ex- 
pression for maximum profit width. Two 
specific cases are considered: (1) The 
widths of all the machines used on a crop 
are independent; (2) The widths are not 
independent. An example is also given to 
demonstrate the use of the theory. 


Evaluating Flood Damage Reductions 
from Proposed Works of Improve- 
ment, by Frank P. Erichsen, hydraulic 
engr., Soil Conservation Service, USDA, 
Milwaukee, Wis. Paper presented at the 
Annual Meeting of ASAE at Cornell 
University, Ithaca, N. Y., June 1959, on 
a program arranged jointly by the Soil 
and Water Division and the Public 
Lands and Public Works group. Paper 
No. 59-205. 


This article deals with evaluating flood 
damage reductions from proposed works of 
improvement under the Public Law 566 
watershed protection and flood prevention 
program. Types of damage include such 
items as floodwater, erosion, and sediment 
damage. Program formulation is discussed, 
and benefit appraisal procedures are pre- 
sented. 
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ADVANTAGES OF 


by C. HOTCHKISS, Jr. 
Application Engineer, 


Stow Manufacturing Company 


Flexible shafting has the follow- 


ing advantages over other type 
drives: 


1—It is often the simplest 
method of transmitting 
power between two points 
which are not collinear or 
which have relative motion 


2—eliminates exposed revolv- 
ing parts 


3—does not require accurate 
alignment 


4 —easy to install and maintain. 


NOT COLLINEAR — Where it is neces- 
sary to connect two shafts which are 
not collinear, a simple arrangement of 
a single belt or two universal joints 
will often do the job adequately. But, 
in many cases where the path of trans- 
mission is more complicated and would 
require a more expensive arrangement 
of mechanical components, flexible 
shafting provides a simple, low cost, 
efficient drive which is easy to install 
because it does not require accurate 
alignment. See example, figure 1, in 
which a 11/-inch Stow flexible shaft is 
used to drive the auger on a G.L.F. 
bulk feed truck. 


Flexible shafting also allows the de- 
signer greater freedom in locating 
either the drive or the driven com- 
ponent on a piece of equipment. 


Fig. 1 


FLEXIBLE SHAFTING 


For Power Drive and Remote Control 


RELATIVE MOTION—Where two shafts 
which have relative motion must be 
connected, flexible shafting is often the 
ideal means of transmission. In many 
cases it eliminates a much more com- 
plicated drive which would, neces- 
sarily, include telescopic joints; further, 
it eliminates the danger of exposed 
moving parts. See figure 2, which 
shows a 3/-inch Stow flexible shaft 
driving an Avery Rake built by the 
Minneapolis Moline Co. 


Other typical applications of this 
type are used on portable power tools 
when motors are too heavy to be 
mounted on the tool—such as portable 
grinders, sanders, paint scrapers, saws 
and tree tappers. And, since flexible 
shafting is not affected by vibration, it 
is an ideal drive for applications where 
a high degree of vibration is involved 
—such as in vibration testing tables 
and concrete vibrators. 


Stow flexible shafts are available: 
for power drive applications in diam- 
eter sizes from Vg inch to 11/4 inches; 
for remote control applications in di- 
ameter sizes from ¥/g inch to 15 inches. 

The 114 inch power drive shaft will 
transmit up to 10 HP while the 15% 
inch remote control shaft will transmit 
up to 4000 Ib. in. 


For complete engineering data on 
flexible shafting, including selection 
charts, write for engineering bulle- 
tin 570. 


STOW MANUFACTURING COMPANY 


39 SHEAR STREET © BINGHAMTON, NEW YORK 
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Grasslands. Edited by Howard B. 
Sprague. Cloth. 6x94 in. xv +406 pages. 
Illustrated and indexed. Copies can be ob- 
tained from the American Association for 
the Advancement of Science, 1515 Massa- 
chusetts Ave., N.W., Washington 5, D.C. 
$9.00. 


This volume includes the papers presented 
at the eight symposium sessions on grass- 
lands at the New York Meeting of the 
AAAS in December 1956, and is designated 
as Publication No. 53. Sessions consisted 
of papers on specific areas of subject mat- 
ter, in which the authors were invited to 
present a review of the current development 
of grasslands. Subjects, which are included 
in the book’s eight chapters, are on: Sciences 
in support of grassland research; forage 
production in temperate humid regions; en- 
gineering aspects of grassland agriculture; 
forage utilization and related animal nutri- 
tion problems; evaluation of the nutritive 
significance of forages; grassland climatol- 
ogy; ecology of grasslands; and range man- 
agement. A list of contributors is included 
at the front of the book, as well as a list of 
references at the end of each chapter. Al- 
though some areas of knowledge affecting 
grasslands are not represented in the se- 
lected papers published in the book, this 
volume should prove helpful to scientists 
who are desirous of keeping abreast of 


progress on the broad front of grasslands 
research, beyond the field of their own 
specialization. 


Getting Started in irrigation Farming, 
by Roger W. Dugger. Paper. 8x 11 in. 62 
pages. Illustrated. Published by The Inter- 
state Printers & Publishers, Inc., Danville, 
Ill. $1.25. 

This laboratory text is designed to meet 
the needs of professional agricultural work- 
ers who are charged with the responsibility 
of teaching adult farmers and high-school 
students about getting started in irrigation 
farming. The following topics are discussed: 
Soil to irrigate; crops to irrigate; water for 
irrigation; amounts of water needed for 
irrigation; well water; well pumps; surface 
water; pumping power units; surface irri- 
gation; sprinkler irrigation; economics of 
irrigation; and terms and _ equivalents. 
Along with a generously provided work 
space is a list of selected references. An 
added supplement is a 4-page list of sug- 
gestions for teachers. 


Ground Water Hydrology, by David 
K. Todd. Cloth, 6x9% in. xiit+336 
pages. Illustrated and indexed. Published 
by John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. $10.75. 

This book presents a unified, comprehen- 
sive account of the fundamentals and recent 
methods and problems encountered in the 
field of ground water hydrology and reports 
on the future role of ground water as a 
major water supply source in the United 
States. It deals with such problems as; 
Locating a ground water supply, construct- 
ing a well, and determining how much 
water it will yield; determining the amount 
of water that can be pumped from wells 
located near each other or near streams; 
dangers of pollution of ground water, 
whether it be from sewage, brines, indus- 


trial wastes, or from nuclear power plants; 
and control of sea water in wells near the 
coast. 


Modern Farm Buildings, by Wallace 
Ashby, J. R. Dodge, and C. K. Shedd. 
Cloth. 6x9 in. ix+390 pages. Illustrated 
and indexed. Published * Prentice-Hall, 
Inc., 70 Fifth Ave., New York 11, N. Y. 
$7.35. 

In simple terms, three authorities on farm 
housing, present practical, helpful, up-to- 
date information about farm buildings that 
conforms to the latest recommendations of 
the U.S. Department of Agriculture. This 
book is compiled to help either the farmer, 
the builder or the designer of farm build- 
ings to decide what kind of building will be 
most useful under a given set of require- 
ments due to climate and type of farming 
throughout the United States. Some of the 
topics included in the book are: Types of 
crop storage buildings accompanied by the 
advantages and disadvantages of each type; 
descriptions of building for farm animals 
and poultry, plus the advantages and dis- 
advantages of the different types of build- 
ings under various climatic and farm condi- 
tions; general information about farm 
buildings; how to read drawings and make 
sketches; characteristics of good plans and 
how to obtain them; water supply; waste 
disposal; electric wiring, lighting, and 
heating; the various building materials, 
types of construction; and how to build. 


Professional Engineers’ Income and 
Salary Survey — 1958. Paper. 6x9 in. 
51 pages. Copies are available at the Na- 
tional Society of Professional Engineers, 
2029 K St., N.W., Washington 6, D.C. 
$2.00. 

This report represents the findings of the 
fourth biennial national salary survey con- 


DesicnNeD FOR MAXIMUM EFFECTIVENESS 


of Grain Conditioning... umigation...Storage 


CORRUGATED St 


FOR FLAT GRAIN STORAGE 


Columbian Rigid Frame Buildings are 
constructed with specially reinforced side 
and end walls. Trussless design permits 
full use of interior space. 


and Conditionin 


Columbian Red Top Grain Bins and AAA Granaries are 
tight — designed for maximum efficiency of grain storage and 
optimum effectiveness of fumigation and conditioning. Such 
features as factory assembled and sealed doors and door frames, 
modern sealing compounds for all seams and steel backed neo- 
prene washers for all bolts add extra tightness to Columbian 
master-crafted bins. As a result, they offer a more effective 
resistance to the entry of moisture and increase the moisture- 
reducing efficiency of natural air conditioning on corn, milo, 
soybeans, rice and other grains. 


* Columbian Perforated Floor Conditioning Systems 
are of flat or corrugated 16 gauge steel with 


10.5% of their area perforated. This ratio has 
‘been found to be most effective for efficient 


aeration. Columbian duct systems are easy to install and effec- 
tive in helping keep grain in condition. Columbian portable 
fan assemblies are available in a wide variety of sizes. 


. WRITE for fully illustrated literature and specifications on Columbian Grain Bins 
B\ and natural air conditioning systems. Also FREE Columbian Farm Equipment Catalog. 


COLUMBIAN STEEL TANK COMPANY 


P. O. Box 4013-W 


Kansas City, Mo. 


We do contract steel! fabrication 
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ducted by the NSPE, and the respondents 
who provided the information are all mem- 
bers of the organization, which consists of 
individual professional engineers, all of 
whom are registered under the engineering 
registration laws of the individual states. 
The booklet contains four parts: How the 
survey was conducted; who were surveyed ; 
how much did they learn in 1958; and 
trends since 1952. Also included are 
charts and an appendix tables, plus a copy 
of the questionnaire used in the survey. As 
the previous surveys have been, this 1958 
report should be of value to engineering 
firms, industrial organizations, national 
engineering organizations, local and state 
governmental agencies, and the departments 
of the Federal Government, as well as the 
United States Congress. 


Water Facts for the Nation’s Future 
— Uses and Benefits of Hydrologic Data 
Programs, by W. B. Langbein and W. G. 
Hoyt. Published by The Ronald Press Co., 
15 E. 26th St., New York 10, N. Y. $5.00. 


Sponsored by the Conservation Founda- 
tion, this timely book evaluates existing fed- 
eral and state hydrologic programs for col- 
lecting, interpreting, and publishing water 
data. It gives practical suggestions for fu- 
ture expansion and improvement, and out- 
lines the specific steps which must be taken 
if these programs are to furnish the factual 
information indispensable to intelligent 
utilization of our water supplies. 


1958 and 1959 Grassland Proceed- 
ings. Paper, 812 x 11 in. 1958 Proceedings, 
153 pages. 1959 Proceedings, 102 pages. A 
limited quantity of each publication is avail- 
able at the American Grassland Council, 
P.O. Box 30, Norwich, N. Y. $2.50, plus 
50¢ to cover postage and handling, for 
each copy. 


The Grassland Proceedings is a compila- 
tion of omy presented at the Annual Pro- 
gram of The American Grassland Council. 
The 1958 grassland symposium was spon- 
sored jointly with the American Dairy 
Science Association, and was held at North 
Carolina State College, Raleigh, in June 
1958. Discussions on the following sub- 
jects are included: Effect of soil fertility 
upon the yield and nutritive value of for- 
ages; effect of growth stage, chemical com- 
position and physical properties upon the 
nutritive value of forages; conditions in- 
fluencing forage acceptability; evaluating 
on the basis of energy and an extension 
worker’s viewpoint on evaluating the nutri- 
tive quality of forages; forage utilization 
in the west, mid-west, south, and east; 
economics of various methods of harvesting 
and utilizing forages; and can dairy cattle 
be bred for increased forage consumption 
and efficiency of utilization. 


The grassland program of 1959 was 
sponsored jointly with The American So- 
ciety of Range Management, and was held 
at Hotel Tulsa, Tulsa, Okla. Topics in- 
cluded in the program were on: Importance 
of grassland in our national life; new 
frontiers in range management; breeding 
superior forage plants for the great plains; 
establishing and reseeding grassland in the 
great plains and western corn belt; wildlife 
in relation to trends in range management ; 
grassland improvement and the outlook for 
the deep south; measuring progress in 
grassland research for the north central 
states; grassland management problems; 
progress in harvesting and handling forage; 
importance of irrigated grasslands in animal 
production; the status of present knowledge 
on the utilization of harvested forages by 
livestock ; automation and integration in the 
livestock industry; and performance breed- 
ing in beef cattle today. 


(Continued on page 572) 


Progressive Foundry Engineering 
Develops Accurate Components.. 


-again, UNITCASTINGS 
do the job befter! 


Unitcast foundry technicians, working 
hand-in-hand with customer’s engineers, 
match new processes and developments with new 
steel casting demands. 


The close tolerance requirements of this new 
horizontal gate mechanism proved a challenge. 
Designed around a new hypo-cyclic gear to reduce 
operating effort 80%, finished costs had to remain 
competitive. Each component was delivered to 
finished size with only touch up grinding necessary 
before assembly, and a high quality, durable product 
was marketed with the benefit of cast steel. 


Unitcast offers similar service to help you with 
close tolerance, cost reducing problems. 
Write or call today for complete information. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


SPECIFICATION 
STEEL 


CASTINGS 
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..» New Books 
(Continued from page 571) 


Water Inventory of the Cuyahoga 
and Chagrin River Basins, Ohio, Vol- 
umes 1 and 2. Vol. 1 (basic report): 
Paper; 84x 11% in., 90 pages, including 
31 maps, charts, and other illustrations. 
$2.75, plus tax. Vol. 2 (map atlas): Paper; 
15 x 20 in., 32 pages, including 26 maps or 
charts. $3.25, plus tax. Copies are available 
from the Division of Water, Department of 
Natural Resources, 1562 W. First Ave., 
Columbus 12, Ohio. 


This is the first in a series of 18 reports 
to inventory the water resources of Ohio, 
determine water problems and outline pos- 
sible solutions to them. The study covers 
water uses, and projected needs, water 
availability and possible future sources, and 
problems of pollution, floods, erosion and 
recreation. In addition to the special maps 
included in these volumes is a list of other 
reports carrying pertinent technical informa- 
tion on the area, which should prove useful 
to county and municipal leaders, engineers, 
planning organizations, chambers of com- 
merce, industries, agricultural groups, water 
agencies, universities, schools, and many 
others. 


Fruit Key and Twig Key to Trees and 
Shrubs, by William M. Harlow. Paper 
5% x8% in., 56 pages. Over 350 illustra- 
tions. Indexed. Published by Dover Publi- 
cations, Inc., 180 Varick St., New York 14, 
N. Y. $1.25. 

This book, combining the two keys in 
one volume, was prepared to provide bota- 
nists and outdoorsmen with a quick identity 
guide to any trees growing in Eastern North 
America. 


1958 Book of ASTM Standards. Ten 
parts, 13,600 pages. Copies can be obtained 
from the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa. 
Each part is priced individually, depending 
on size. The complete set is $116.00. 

The 1958 edition increased from 7 to 10 
parts, and within these parts are contained 
2,450 standard specifications, methods of 
tests, definitions of terms, and recommended 
practices. Each part is complete with a 
detailed subject index and a list of stand- 
ards in numeric sequence, and to keep this 
book up to date, supplements will be issued 
to each part late in 1959 and 1960. Also, a 
complete index is furnished without charge 
with each set of the book of standards. 


NEW FILM RELEASES 


A Product of the Imagination. 26 min. 
Color and sound. Produced by Wilding 
Picture Productions, Inc. Organizations, de- 
siring to borrow the movie, should write 
Motion Picture Section, Aluminum Com- 
pany of America, 1501 Alcoa Building, 
Pittsburgh 19, Pa. 


From mine to finished product, the cam- 
era reviews the 70-year-old aluminum in- 
dustry’s past, present, and future, in terms 
of processes, plants, and products. Viewers 
see how aluminum is forged, cast, rolled, 
drawn, extruded, and impacted, and also 
Alcoa’s forecast of creations in aluminum 
design. The film is ideal for anyone from 
the subteen age group and beyond, accord- 
ing to Alcoa. 


Modern Irrigation Equipment. 16 mm. 
27 min. Color and sound. Price, $250. 
Rental $10.00 per day. For further infor- 
mation write to: Department of Visual 
Communication, University Extension, Uni- 
versity of California, Los Angeles 24, Calif. 


@ complete nozzles for 
boom sprayers and 
portable sprayers 

@ TeeJet tips for 
spray guns and 


broadcast sprayers. 


@ The PROVED spray 
- nozzles for pre-emergence 


Se) 


iS 


a 


spraying, weed control, 
* defoliation, soil fumiga- 
* tion, insecticides and 


This film is designed to give information 
on various types of equipment available for 
modern irrigation methods in agriculture. 
It shows methods of ditch construction and 
lining, land preparation, water application, 
water distribution, and water measurement; 
also, a number of methods of preparing 
land for surface irrigation is seen in detail. 
Several different types of sprinkler systems 
are illustrated with a discussion of drain- 
age methods. Also emphasized are the latest 
methods that have been developed to make 
irrigation more efficient, to conserve water, 
and to aid in increased agricultural produc- 
tion. University of California Extension 


advises that this movie represents a valuable 
educational aid for schools, organizations, 
and associations concerned with the aspect 
of modern irrigation equipment. 


Marketing Research Pays Off. 16 mm. 
13 min. Color and sound. Price, $62.85. 
Prescribed Burning in the South. 16 mm. 
24 min. Color and sound. Price, $112.56. 
Released by the U.S. Department of Agri- 
culture. For information regarding the pub- 
lic use of these or for a complete catalog of 
all agricultural films available’ write to the 
distributor, United World Films, Inc., Gov- 
ernment Dept., 1445 Park Ave., New York 
29,3. ¥. 


Marketing Research Pays Off presents the 
story of the Department's study of farm 
markets. USDA scientists are shown at work 
on projects to improve marketing methods, 
to reduce processing and handling costs and 
to expand markets for farm products. 


Prescribed Burning in the South describes 
the objectives, planning, execution and bene- 
fits of prescribed burning in Southern pine 
coastal plain forests. The film is designed 
mainly for the training of foresters and fire 
suppression crews. 


AUTO nuUMIDITY CONTROL 


DRY-O-MATION 


ATURAL DRYING 


——— 
— 


eee 


DRY-O-MATION is drying in stor- 
age with supplemental heat added. 
It's the sure, safe way to accomp- 
lish perfect grain conditioning in 
the bin . . . automatically . . . with 
no handling. DRY-O-MATION saves 
time and money for the farmer 
... makes him independent of the 
weather. He can harvest at the 


most favorable time; he can market 
BUILT-IN STRAINERS—top quality monel metal m6 i -O.MA. 
screens in choice of 50, 100 and 200 A, , when prices are best. DRY-O-MA 


mesh sizes. TION eliminates the hazards of 


fc ee ee ee ee ee ee fluctuating humidity . . 


PROTECTED ORIFICE DESIGN—the widely if 
used flat spray TeeJet tips are made unitorm 
with the famous recessed orifice. Gives 
impact protection—and shows plane of 
spray for easy, accurate setting. 


fungicides. 


designed in every detail 
for outstanding convenience and service 
CHOICE OF OVER 400 INTERCHANGEABLE 
ORIFICE TIPS—the most complete — eS 
| Pomme 
produced with flat spray, hollow cone, a 
full cone and straight stream patterns. vs 


selection of types and capacities ever 


DRY-O-MATION 
leads in method 
development and 
equipment effec- 
burners like this. 


tiveness with gas 
. assures 
conditioning of every 
layer of grain with no over-drying. 
If you want to learn more about 
why leading bin manufacturers 
offer DRY-O-MATION as standard 


equiparent, write us. 


Electric, too. This 
is the new Electri- 
Con—the unitized 
automatic electric 
grain conditioner. 
Designed for Heat- 
Air-Power balance; 
Fire-safe; weather 
protected. 


WRITE FOR CATALOG 30—for complete information 
on TeeJet Spray Nozzles, strainers, fittings, 
and all related accessory equipment. 


SPRAYING SYSTEMS CO. 
3226 RANDOLPH STREET 
|. » BELLWOOD, ILLINOIS 


(CS PM Se NER lS 
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.. . News 
(Continued from page 554) 


ships are named for Ralph J. Bugbee, re- 
tired head of the CVPS Farm ay ype 
who assisted Vermont farmers for many 
years in applying electricity to their farm 
problems, and is also an authority on farm 
ventilation problems. He is at the present 
time a consultant with the firm. 


Additional High Lights of 
52nd Annual Meeting 


The following Student Honor Awards, 
Journal Paper Awards, and Blue Ribbon 
Awards for the 52nd Annual Meeting ex- 
hibits are in addition to the awards reported 
in the August issue. 


Student Honor Awards 


The Student Honor Awards are made to 
recognize outstanding scholarship attain- 
ments and general participation in student 
activities. Recipients are elected by their 
respective ASAE Student Branches. The 
award consists of a certificate and gold key. 
The following student branch members of 
ASAE were elected to receive the Award in 
1959: D. C. Anderson, Kansas State Uni- 
versity; Richard Appel, State College of 
Washington; J. E. Berney, Oregon State Col- 
lege; P. W. Bridge, University of Maine; 
A. M. Brown, Colorado State University ; 
C. E. Dorgan, Kansas State University; 
Robert Fairless, Oklahoma State University ; 
D. W. Fitzsimmons, University of Idaho; 
R. P. Gehman, Pennsylvania State Uni- 
versity; M. L. Gerdes, University of Illi- 
nois; Larry Gutekunst, University of Mis- 
souri; C. F. Hankins, University of Arkan- 
sas; C. E. Hood, Jr., North Carolina State 
College; J. P. Hoskyn, University of 
Arkansas; S. D. Hunt, University of Flori- 
da; H. H. Klueter, University of Illinois; 
G. O. Lovig, Iowa State College; R. W. 
McCarley, Mississippi State University; 
H. W. McDonald, Jr., Louisiana Polytech- 
nic Institute; R. L. Mensch, Iowa State Col- 
lege; J. W. Mickley, Pennsylvania State 
University; J. D. Pope, Oklahoma State 
University; Vincent Salomonson, Colorado 
State University; H. D. Schofield, Univer- 
sity of Missouri; F. W. Schultz, University 
of Illinois; D. R. Smelcer, University of 
Idaho; W. L. Smith, University of Tennes- 
see; H. M. Soule, University of Maine; 
Leslie Stone, State College of Washington ; 
R. D. Stratton, Kansas State University ; 
J. B. Uhl, Pennsylvania State University ; 
Donald Werbach, Iowa State College; J. C. 
Willis, Mississippi State University; and 
H. M. Wilson, Jr., Virginia Polytechnic 
Institute. 


Journal Paper Awards 


The Journal Paper Awards are made to 
the authors of the five papers—published in, 
the 1958 issues of AGRICULTURAL ENGI- 
NEERING — given the highest merit rating 
as reference literature by the Committee on 
Journal Paper Awards: B. L. Bondurant, 
chairman; J. E. Harmond, vice-chairman; 
L. G. Johnson, G. A. Karstens, T. O. 
Hodges, and V. H. Baker. For authors who 
are ASAE members, the award includes a 
certificate and one year’s membership dues. 
Following are the recipients of the 1959 
Awards: Walter Soehne for “Fundamentals 
of Pressure Distribution and Soil Compac- 
tion Under Tractor Tires’”” (May); K. H. 
Norris for “Measuring Light Transmittance 
Properties of Agricultural Commodities”’ 
(October) ; S. M. Henderson for ‘‘On-the- 
Farm Egg Processing: Part II — Moisture 
Loss” (January); C. W. Hall for ‘“Theo- 


retical Considerations in Materials Handling 
Systems” (September) ; and G. L. Nelson, 
G. W. A. Mahoney and J. I. Fryrear for 
“Stability of Poles under Tilting Moments: 
Part I—Experiments and Results” (March). 


Blue Ribbon Awards for 
Annual Meeting Exhibits 


Public service and industrial organiza- 
tions from all parts of the country dis- 
played exhibits at the 1959 Annual ASAE 
Meeting, with classifications including: Ex- 
tension methods; publications; slides and 
film strips; radio and television; motion 
pictures; and demonstration models. 

The blue ribbon winners for extension 
methods were: N. H. Wooding, Jr., Penn- 
sylvania State University, on water purifica- 
tion equipment; C. S. Winkelblech, Cornell 
University, on selection of forage harvesting 
and handling equipment; R. G. Pfister, 
Michigan State University, on using TV to 
promote National Farm Safety Week; and 
E. O. Eaton, Cornell University, on 4-H 
lawn power equipment. 

In the industrial periodicals class for pub- 
lications, the winner was Portland Cement 
Association with its publication, “Rural 
Concrete Builder.’” The University of Mas- 
sachusetts was the winner in the public 
agency periodical classification group for its 
periodical, ‘Agricultural Engineering.” 
Winners in the industrial bulletins classifi- 
cation under publications included: J. D. 
Hallenberg, Westinghouse Electric Corp., 
for an idea book for 4-H electric program 
leaders; and I. W. Bigalow, U.S. Steel 
Corp., for a bulletin on loose housing. N. H. 
Wooding, Pennsylvania State University, 
with a bulletin on making your water sup- 
ply safe; Donald Brown and D. E. Wiant, 
Michigan State University, with their bul- 
letin on lighting your home; and C. L. Hill, 
Purdue University, with a bulletin on hay 
crushing, won ribbons in the public agency 
bulletins class. 


In the slides and film strips category, 
S. W. McBirney, ARS, USDA, was a win- 
ner in the public agency division for “Har- 
vesting and Handling Apples in Bulk Bins,” 
as well as R. M. Ritchie, Jr., North Caro- 
lina State College, for “Hog Production 
Buildings.” Successful Farming Magazine 
won with its entry of “Materials Handling 
Systems—for Profitable Farming” in indus- 
trial classification of slides and film strips. 


Radio and television winners were: Don 
Brown, Michigan State University, on prog- 
ress through agricultural engineering; and 
Allen Butchbaker, Michigan State Univer- 
sity, on electricity at work. 


Winners of the motion pictures awards in 
the public agency class were: Motion Pic- 
ture Service, USDA for a movie on cotton 
—fiber with a future; Iowa State College for 
a motion picture on the self-feeding hay- 
maker; Cornell University for its movie on 
corn on the furrow; and ‘Iowa State Col- 
lege for one on operation feed bunk. In 
the industrial classification, Stran-Steel 
Corp. won a ribbon for its movie on the 
new look in modern farming, as did A. O. 
Smith Corp. for a motion picture on a sealed 
system for high moisture grain, and New 
Holland Machine Co. for one on how grass 
grows. 


Public agency class winners for demon- 
stration models included Robert Aldrich, 
Michigan State University, for a demonstra- 
tion on dairy housing layout and John 
Layer, Cornell University, whose demonstra- 
tion was on potato storage proportioning 
ventilation controls. Ivan Bigalow, U.S. 
Steel Corp., with his model of a loose hous- 
ing system, and W. O. Zervas, American 
Iron and Steel Institute, with one on gal- 
vanized steel sheets for roofing and siding, 
won ribbons in the industrial class for 
demonstration models. 
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CONTROLLED 


With Rex Roller Chains you get highest 
fatigue strength for longest chain life 
... ability to handle heavier loads and 
higher speeds because these chains 
have the PLUS VALUE—pitch control! 
Every chain part carries its full share of 
the working load...no unequal load- 
ings to cause fatigue failures. Each link 
is accurate...pitch is precisely con- 
trolled. Result: no chain fatigue! To 
find out how pitch control helps you, 
mail the coupon. 


® 


CHAIN Belt Company 415 
4681 W. Greenfield Ave. 
Milwaukee 1, Wis. 


{In Canada: CHAIN Belt (Canada) Ltd., 
1181 Sheppard Ave., East, Toronto] 


Send my copy of Bulletin 5725. 
Have a Rex Man call. 
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PERSONNEL SERVICE BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indi- 
cated. “Agricultural Engineer” as used in these 
listings is not intended to imply any specific 
level of proficiency or registration as a profes- 
sional engineer. Items published herein are sum- 
maries of mimeographed listings carried in the 
Personnel Service, copies of which will be fur- 
nished on request. To be listed in this Bulletin, 
request form for Personnel Service listings. 


Positions Open — February O-13-901. March — 
O-39-904, 41-905. April — ©-55-909, 58-910, 
56-911, 59-912. May — O-77-914, 49-915, 97- 
919. June — O-124-920, 131-922, 132-923, 111-924, 
135-926, 136-927, 137-928, 149-929, 140-930. July— 
O-170-931, 177-932, 186-933. August—O-214-935, 
215-936, 216-937, 217-938, 218-939, 212-940, 220- 
941, 223-942, 228-943, 228-944, 231-946, 231-947, 
231-948, 247-949, 259-950, 259-951. 


Positions Wanted — January — W-355-67, 383- 
68, 411-69, 412-70, 406-71, 419-72, 422-73. Feb- 
ruary—W-9-1, 22-3, 23-4, 20-5. March — W-25-6, 
33-9, 30-10. April — W-54-11, 70-12, 72-13. May 
— W-83-15, 84-16, 98-20, 100-22. June — 
W-103-25, 104-26, 118-27, 112-28, 123-29. July — 
W-154-31, 178-32, 196-33, 190-34. August — 
W-199-35, 210-36, 224-37, 213-38. 


NEW POSITIONS OPEN 


Agricultural Engineer for design and develop- 
ment of farm ooo 3 plans and to provide 
technical help to farm building fabricators, with 
building materials manufacturer. Midwest. Age 
25-35. .BS, with primary interest in farm struc- 
tures. Farm background and several years ex- 
perience in farm structures field. Able to work 
with engineers and farmers. Excellent oppor- 
tunity in fast growing program. Salary open. 
0-265-952 


Engineer for design of food processing equip- 
ment, with responsibility for development proj- 
ects. Location southern Wisconsin or northern 
Illinois. Small city near Wisconsin vacationland. 
BSAE, BSME, or equivalent. Should have 
present classification as project engineer or 
equivalent, and enough experience to handle 


projects from inception to completion. Prefer 
married man with good health, creative, and 
able to guide and get along with people. Ex- 
cellent opportunity in expanding company with 
policy of promoting from within. Salary open. 
O-234-953 


Agricultural Engineer for teaching and re- 
search in any phase of agricultural engineering 
in Puerto Rico. Age under 45. MSAE required, 
Ph.D. desirable. Some teaching and/or research 
experience preferred. Usual personal qualifica- 
tions for college teaching and research. Knowl- 
edge of Spanish not required, but interest in the 
language desirable. Good opportunity for ad- 
vancement. Salary open. O-219-954 


Territory Manager for sale of specialized 
items to farm equipment dealers and elevators. 
Midwestern state territory. Age 30-50. College 
education desirable. Sales experience and train- 
ing. Proven ability to sell successfully and to 
represent employer with honesty and integrity. 
Knowledge of farming and farm machinery de- 
sirable. Excellent business opportunity, with 
possibility of earned advancement to manage- 
ment position. Salary based on experience, with 
travel allowance and bonus arrangement. 
O-264-955 


Agricultural Engineer to head crop dryer de- 
partment of established farm equipment manu- 
facturer in Midwest. Work will include research, 
design, sales assistance, and contacting agricul- 
tural colleges. Age 50 or less. BSAE or BSME, 
with prior experience in drying. Able to guide, 
instruct, and get along with others. Excellent 
opportunities for advancement. Salary open. 
O-275-956 


Junior Product Engineer for development, im- 
provement, field testing and preparation for pro- 
duction of farm machinery, imcluding forage 
harvesters and other feed handling and process- 
ing equipment, with established manufacturer in 
East. Age 22-30. BSAE, BSME, or equivalent. 
Livestock farm background. Familiar with use 
of farm machinery. Engineering experience in 
farm equipment desirable. Intelligence, good 
health, and ability to work with factory, office 
and farm personnel. Good opportunity with ex- 
panding department of reliable company in 
desirable location. Salary open. Bonus and 
other benefits. O-285-957 


ge aN eck ys 


Agricultural Engimeer for design and develop- 
ment with established manufacturer of agricul- 
tural sprayers and related equipment. Experience 
3 or more years with latest methods of hydraulic 
and air-blast spraying. Good knowledge of aero- 
dynamics and axial fan design work, with fol- 
low-through from design and field tests to final 
production. Favorable living conditions in pleas- 
ant, medium-sized eastern city with good schools 
and recreational facilities. Permanent position 
with growing company. Salary open, depending 
on training and experience. O-277-958 


Agricultural Engineer for design and develop- 
ment staff of an established manufacturer of 
power lawn mowers and related equipment in 
commercial and home use sizes. Midwest. 
BSAE, BSME, or equivalent. Some experience 
in mechanical design and development. Usual 
personal qualifications for commercial engineer- 
ing. Excellent opportunity for advancement. 
Salary open. O-286-959 


NEW POSITIONS WANTED 


Agricultural Engimeer for design, development, 
or research in soil and water field with manu- 
facturer, distributor, or consultant, anywhere in 
USA. Married. Age 23. No disability. BSAE, 
1958, University of Missouri. Experience in test- 
ing soil percolation, 6 months. Commissioned 
service in Navy 2 years. Boiler officer on air- 
craft carrier, in charge of boilers, fuel, water, 
and 200 men. Available February 1960. Salary 
open. W-249-40 


Agricultural Engineer for teaching or research 
in power and machinery, rural electric or prod- 
uct processing field with industry or public serv- 
ice, anywhere in USA. Single. Age 28. No 
disability. B Tech in Agr. Engr., Indian Insti- 
tute of Technology. MSAE, Virginia Polytechnic 
Institute. Graduate assistant about one year. 
Available on reasonable notice. Salary open. 
W-258-41 


Agricultural Engineer for teaching or research 
in farm structures with industry or public serv- 
ice, anywhere in USA. Married. Age 33. BSAE, 
1951, South Dakota State College. MSCE, 1959, 
University of Illinois. Farm ackground. In- 
Structor 18 months in veterans on-the-farm 
training. General construction 4 years, with 

ractical experience in all building trades. 

eaching and research in agricultural engineer- 
ing Kansas State College, one year. Navy elec- 
tronics school 11 months. Available on reason- 
able notice. Salary $7,000 min. W-244-42 


There’s NO SUBSTITUTE 
for RAIN BIRD Sprinklers 


‘ECONOMICAL W 
HAND OPERATED 
FASTENER 

INSTALLATION 


Only Rain Bird irrigation sprinklers have all the 
advantages that have made them famous the 
world over. Every Rain Bird sprinkler advance- 
ment has been field-tested...and in the field, 
Rain Birds never have been surpassed. For top 
yields...top quality ...there’s no substitute for 
Rain Bird sprinklers. 

There’s a world of satisfaction 
in the performance of Rain 


Bird Sprinklers. Send for free 
irrigation engineering data. 


& ENCINEERING CORP. 


Azusa, California 


SPRINKLER SALES 


eh ake Street, Peoria, Minois | 


ELE EQ eas Oe ees 


609 V West 


574 


TOOL 


Installs all Huck steel or alu- 
minum fasteners from 1/8” 
} through 3/8” diameter, 
m™ (except CKL), in a 
continuous 1-1/4” 
stroke. 


The Huck Model 115 Hand Tool 
is a low cost, light, compact, fast 
and efficient manual installation 
tool—ideal for field repair or 
where pneumatic or hydraulic 


power is not available. 


Uses any standard reversible rat- 
chet wrench with 11/16” hex 
socket or 3/8” square male drive. 


S MANUFACTURING COMPANY 
2480 Bellevue Ave. ¢ Detroit 7, Mich. 


6000 Ib. capacity. 
Weight—5 lbs. 
Length without 

nose—7 1/2" 


For further 
information write 
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Farm Service Advisor for sales work in elec- 
tric power and processing field with manufac- 
turer, distributor, or trade association, anywhere 
in USA. Married. Age 38. No disability. BSA, 
1949, Western Kentucky State College. War 
non-commissioned service 3 years, in Army Sig- 
nal Corps, with promotions to M/Sgt. Head 
fieldman with milk company 4 years. Farm 
service advisor, REA Co-Op, 4 years. Available 
on reasonable notice. Salary $8,000. W-245-43 


Agricultural Engineer for design, development 
or research in farm structures or environment 
control, with manufacturer or consultant, prefer- 
ably in Northeast. Married. Age 27. No dis- 
ability. BSAE, 1955, lowa State Coilege. Farm 
structures option. Additional night school 
courses in reinforced concrete and indeterminate 
Structures, Fenn College, 1959. Farm back- 
ground. Summer vacation work as general car- 
penter for farm buildings contractor. Military 
service Over 2 years as jet pilot in USAF. Over 
one year as bridge designer — detailer for con- 
sulting engineering firm. Available on one month 
notice. Salary $490 per month. W-267-44 


Agricultural soils man for design, development 
or research in soil and water field with Federal 
agency or manufacturer in South, Midwest, or 
Hawaii. Married. Age 25. No disability. BS in 
agricultural science, 1956, University of Wiscon- 
sin. Experience in operation of own farm, and 
own landscaping business, and as apprentice to 
general contractor. Navy service over 2 years as 
tadarman. Available on reasonable notice. 
Salary open. W-269-45 


Agricultural Engineer for design, development, 
extension, sales, service, or writing in power and 
machinery, farm structures, soil and water, or 
materials handling with industry or public serv- 
ice, in Northeast, Midwest or West. Married. 
Age 31. No disability. BSAE, 1953, University 
of Maine. Farm background. Farm equipment 
sales, 8 months. Extension, with some design 
and writing in farm structures field, 16 months. 
Field test and writing on forage harvesting 
equipment, 16 months. Design and supervisory 
experience on soil and water control structures, 
2 years. Non-commissioned service, USAF, 
photography, 3 years. Available on one month’s 
notice. W-270-46 


- MEMBERSHIP 
APPLICANTS 


_— 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Barefoot, Stanley O. — Civil engr., (SCS) 
USDA, P.O. Box 662, Kinston, N.C. 
Bent, Russell E.—Design engr., Mill and Ele- 
vator Co. (Mail) 7712 Palm Dr., Des 

Moines 22, lowa 

Blewitt, Ronald 1.—State conservation engr., 
(SCS) USDA, Room 202, Federal Build- 
ing, Honolulu 16, Hawaii 

Borgstrom, Georg A. — Professor, Food Sci- 
ence Laboratory, Michigan State Univer- 
sity. (Mail) 904 Evergreen Ave., East 
Lansing, Mich. 

Brehm, Clarence D.—State conservation engr., 
(SCS) USDA. (Mail) 1356 McDonald 
Dr., Huron, S. D. 

Chu, Patrick—Graduate student, eng. science 
dept., Ontario Agricultural College, 
Guelph, Ont., Canada 

Dyer, David R. — Eng. trainee, John Deere 
Waterloo Tractor Works. (Mail) 900% 
W. Parker, Waterloo, lowa 

Eliyathamby, Herbert W.—Foreman, eng. div. 
workshops, Dept. of Agr., Gannorouwa, 
Peradeniya, Ceylon 

George, Gerald O. — Agr. engr., (SCS) 
USDA. (Mail) Box 761, Madras, Ore. 

Hamm, John J., Jr.—Agr. engr., Duke Power 
Co. (Mail) 2448 S. Alston Ave., Dur- 
ham, N. C. 

Hobbs, Wilbert F.—Instructor, agr. eng. dept., 
The Pennsylvania State University, Uni- 
versity Park, Pa. 


James, William T., Jr.—Eng. spec., (SCS) 
USDA. (Mail) 286 Richland Ave., Mor- 
gantown, W. Va. 

Locke, Lorenza, W. — Pres. and mgr., Enfield 
Oil Co., Inc. (Mail) P.O. Box 95, En- 
field, N. C. 

Mulbar, Harmon A.—Public relations and 
adv. mgr., American Society of Agricul- 
tural Engineers, 420 Main St., St. Joseph, 
Mich. 

Niemann, Jerrold L. — Engr., Farm Engineer- 
ing Inc. (Mail) Box 225, Cokato, Minn. 

Patterson, Russell J. — Student, Michigan 
State University. (Mail) 1608 W. Mt. 
Hope, Lansing 10, Mich. 

Romer, James C.—Owner, Romer Agr. Engi- 
neers, Holly, Colo. 

Schmidt, Robert L. — Design engr. trainee, 
John Deere Industrial Equipment Works, 
Moline, Ill. 

Schultz, Herbert B.—Spec. and lecturer, agr. 
eng. dept., University of California, 
Davis. Calif. 

Smith, Horace A. — Marketing spec., North 
Carolina Dept. of Agr., Agr. Bldg., 
Raleigh, N. C. 

Tyndall, Lloyd A.—Agr. engr., (SCS) USDA. 
(Mail) Box 928, Kinston, N. C. 

von Pogrell, Hubertus — Exchange student, 
agr. eng. dept., Michigan State University 
from University of Bonn, Germany. 
(Mail) Erloserkirchweg 14, Koln-Rath, 
West Germany 

Williams, Joseph H. — Proj. engr., (SCS) 
USDA. (Mail) Box 928, Kinston, N.C. 


TRANSFER OF MEMBERSHIP 


Butler, Herbert E. — Sales engr., Louisiana 
Agr. Co-op., Inc. (Mail) 9545 Cal Rd., 
Baton Rouge 8, La. (Associate Member 
to Member) 

Fogel, Martin M.—Ext. irrigation spec., agr. 
eng. dept., South Dakota State College, 
College Station, Brookings, $. D. (Asso- 
ciate Member to Member) 

Goss, John R.—Asst. agr. engr., agr. eng. 
dept., University of California, Davis, 
Calif. (Associate Member to Member) 

Moore, David §.— Sr. hydraulic engr., Cali- 
fornia Districts Securities Commission. 
(Mail) 2186 Novato Blvd., Novato, 
Calif. (Associate Member to Member) 

Smerdon, Ernest T.—Assoc. prof. in agr. eng., 
agr. eng. dept., Texas A. & M. College, 
College Station, Texas (Associate Mem- 
ber to Member) 

Thompson, Gene T. — Agr. engr., Irrigation 
Inc. (Mail) Box 1474, Quincy, Wash. 
(Associate Member to Member) 


STUDENT MEMBER TRANSFERS 

Adkins, $§. Wayne—(University of Georgia). 
(Mail) R.R. 1, Vienna, Ga. 

Bullard, David E. — Ohio State University, 
Baker Hall-Campus, Columbus, Ohio 

Colbert, R. Michael — (University of New 
Hampshire). (Mail) Lull Rd, New 
Boston, N. H. 

Hix, Larry B. — (University of Georgia). 
(Mail) R.R. 4, Commerce, Ga. 

Landphair, Donald R.—(lowa State College). 
(Mail) Pleasanton, Iowa 

Love, Herschel D., Jr.—( Alabama Polytechnic 
Institute). (Mail) 112 N. Sixth St. 
Opelina, Ala. 

Miller, John H.—(Pennsylvania State Univer- 
sity). (Mail) R.R. 1, Clarion, Pa. 

Shown, Frank §.—(University of Arizona). 
(Mail) 4138 N. 48th Ave., Glendale, 
Ariz. 

Shrivastava, Raghunandan — (University of 
Allahabad, India). (Mail) Government 
College of Agr., Jabalpur, M. P., India 

Whitney, Jodie D.—(A. and M. College of 
Texas). (Mail) R.R. 2, Valley Mills, 
Tex. 
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Specially designed for greatest protec- 
tion against failure—that’s Rex High- 
Fatigue Steel Detachable Chain. It’s 
150% higher in fatigue strength than 
standard types, has 33% greater tensile 
strength. Coined end bars increase 
bearing surfaces for greater resistance 
to wear and stretch. A new-type coupler 
allows easy assembly and disassembly. 
Has strength of higher cost chains plus 
a loose-fitting pin joint, which resists 
binding due to corrosion. Sizes: 62, 
HF-62A and HF-67. 


HIGH-FATIGUE 
STEEL DETACHABLE CHAINS 


CHAIN Belt Company 602 

4681 W. Greenfield Ave. 

Milwaukee 1, Wisconsin 

(In Camada: CHAIN Belt Canada Ltd., 

1181 Sheppard Ave. East, Toronto ) 

O Please send full information on Rex 
High-Fatigue Steel Detachable Chains 
and Attachments. 

0 Have a Rex Man call. 
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Acme Chain Corp 

Aetna Ball & Roller Bearing Co... 
American Zinc Institute 

Armco Drainage & Metal Products, Inc. 
PAPE NN TING ooo kia 
Automotive Gear Div., Eaton Mfg. Co. 


Bearings Company of America Div., 
Federal-Mogul-Bower Bearings, Inc. 


Caterpillar Tractor Co. 487 


Chain fet Co. 578, 575 


Cleveland Graphite Bronze, 
Div. of Clevite Corp. 557 


Columbian Steel Tank Co. -..-_-____. 570 
Dana Corporation 


Dayton Industrial Products Co., 
Div. of The Dayton Rubber Co. 498, 499 


Deere & Company —..._.___..__ 494, 495 
Be Or FI 565 
Sestmen Mie. Co. 490 
The Electric Auto-Lite Co. 489 
Farm Fans, Div. of Ewing Foundry, Inc. 572 


Federal-Mogul Div., 
Federal-Mogul-Bower Bearings, Inc. 497 


Huck Mfg. Co. 
International Harvester Co 
Kohler Company 


Lincoln Engineering Co., Div. of 
The McNeil Machine & Eng. Co... 493 


Link-Belt Company —...-_-_»»_>__ 3rd Cover 


Index to Advertisers 


Minneapolis-Honeywell Regulator Co... 507 
Molybdenum Corp. of America 


National Rain Bird Sales & Eng. Corp. 574 
National Seal Div., 
Federal-Mogul-Bower Bearings, Inc. 491 


Neapco Products, Inc. 502 


New Departure, 
Div. General Motors Corp 


The Ohio Rubber Co., Div. of 
The Eagle-Picher Co. . 500 


Portland Cement Assn. 553 
Pranen Ware Ct 566 


Raybestos-Manhattan, Inc., 
Manhattan Rubber Div. 505 


Cian ti es eS 568 


2nd Cover 


Rockford Clutch Div., 
Borg-Warner Corp. _... 564 


Rockwell-Standard Corp., 
Universal Joint Div. = 501 


Ross Gear & Tool Co., Inc. 504 
Spraying Systems Co. —....__.___ 572 
Stow Mfg. Company 

PURI OIDs 5 ons 
SUI: a 551 
Timken Roller Bearing Co 4th Cover 
Unitcast Corporation 

United States Steel Corp 

Victor Mfg. & Gasket Co. 496 
West Coast Lumbermen’s Assn. ____ 567 
Wisconsin Motor Corp. 563 


ADVERTISING REPRESENTATIVES 


New York 17 — BILLINGSLEA AND FICKE, 
420 Lexington Ave. LExington 2-3667 


Chicago 2—DwicHt EARLY AND Sons, 100 
N. La Salle St. CEntral 6-2184 


San Francisco 5 — MCDoONALD-THOMPSON, 
625 Market St. YUkon 6-0647 


Los Angeles 5 — McDoNALp-THOMPSON, 
3727 W. Sixth St. DUnkirk 7-5391 


Seattle 4 — McDoNALp-THOMPSON, 1008 
Western Ave. MA. 3-3766 


Portland 1 — MCDoNALD-THOMPSON, 404 
Times Bldg. CApital 2-5146 


Denver 3 — MCDONALD-THOMPSON, 620 
Sherman St. KEystone 4-4669 


Houston 6—McCDONALD-THOMPSON, 3217 
Montrose Blvd. JA. 9-6711 


Dallas 19 — MCDONALD-THOMPSON, 2727 
Oak Lawn Ave. LAkeside 1-1266 


Phoenix — McCDONALD-THOMPSON, 541 
West Claremont. CRestwood 4-1342 


Advertising Manager: HARMON MULBAR, 
420 Main St., St. Joseph, Mich. YUkon 
3-2700 


LOW COST 
ALL-STEEL FARM BUILDING... 


NOW WITH BAKED-ON COLORS 


Stran-Master, priced at less than many wooden 
pole barns, now offers a choice of six rich colors 
... blue, bronze, grey, green, rose, white or any 
combination. The factory-applied color coat- 
ings of vinyl aluminum are baked on to zinc 
coated steel panels. Keep their colorful good 
looks years longer. 


The multi-purpose Stran-Master serves most 
farm needs. Specialized buildings are also avail- 
able for poultry, hogs or grain storage. Stran- 
Master can be erected in a few days by dealer’s 
crew or your own. Five-year purchase plan 
available without affecting regular credit lines. 
Mail coupon for details or contact your nearest 


Livestock shelter plus feed storage—Open shed for shelter and Stran-Steel dealer today. 


feeding is combined with totally enclosed area for hay and grain storage. A 48’ x 48’ 


Stran-Master like this, in Stran-Satin Color, takes an initial investment of only 


Dept. AE-3 
25% down. 


STRAN-STEEL CORPORATION 


Detroit 29, Michigen © Division of 


NATIONAL STEEL gly CORPORATION 
Dealers Everywhere 


Pee KK eK we ee ee eR ee eR eR ee Se Ee eee ee eee eS 


Stran-Steel Corporation 

Dept. AE-3 

Detroit 29, Michigan 

Send the new Stran-Master catalog and information 
on Stran-Satin Color. I’m interested in a building 
approximately BS  ccctegaee eee 
to be used mainly for. 

Name 
Address 
City, State 


0 Student 


easy access to spacious storage area. Repair center and tool shop is in enclosed 


section at left. Initial investment of only 25% down for this 48’ x 64’ Stran-Master 
with choice of six colors. 
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How LINK-BELT’S broad chain selection 
aids the designer, improves the design 


STANDARD-PITCH 
PRECISION STEEL 
ROLLER CHAIN 


STEEL 
LINK-BELT CHAIN 
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LINK-BELT builds a complete line of chains, 
chain attachments and sprockets . . . to top 
farm machine standards, to match your needs 


EXPERT ENGINEERING—L ink-E Belt main- With Link-Belt’s broad line of time you're considering a drive 
tains an engineering staff of unsurpassed chains and chain attachments, or conveyor application, our spe- 
experience in the application of chain. 


designers of farm machinery are _ Cialists will be glad to work with 
sure to get the one chain that’s you. For facts and prompt serv- 
best for each application. Horse- ice, call your nearby Link-Belt 
power, loading, speed, impact— office or write our Indianapolis 
every requirement can be met to _ plant at 220 S. Belmont Ave. 
enable your machine to maintain 
rated performance and efficiency. ree Catalog 
. A é ‘ as complete 
Yes, Link-Belt’s unmatched fa- —jnformation on all 
cilities, services and experience Link-Belt chains. 
(over 300 farm machinery man- Seas Saas Sie 


ACCURATE MANUFACTURE | — Modern, 


’ ponents for power 
specialized machines give economies of ufacturers rely on Link-Belt) are tconqulasion ond ma- 
large-scale mass production, yet main- your best assurance of quality ‘etals, handling are 


tain high accuracy. also detailed. Write 


products, properly applied. Next — for your copy. 


LINK: 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 
1. To Serve Industry There Are Link-Belt Plants, Sales Offices and 


Sadie" _ Stock Carrying Distrib in All Principal Cities. E Off 
Stock Carrying Distributors in rincipal Cities. Export ice, 
A COMPLETE LINE assures correct selec- New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
tion for each job. This Case No. 135 Canada, Scarboro (Toronto 13); South Africa, Springs. Repre- 
manure spreader uses Link-Belt steel 


‘ sentatives Throughout the World. 15,189 
detachable chains on apron conveyor. 
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Proved in the field...available now 
New Timken® square bore bearing for disc hanger 


+.001" 


2.717" DIA. ooo 


13678-SD 


SS 13620 


HE new Timken® square bore bearing (above) 

for disc hangers opens new savings and improve- 
ment opportunities for agricultural engineers and 
farm equipment manufacturers. 

The square bore simplifies mounting or assembly 
and disassembly. The bearing can be mounted 
directly with square gang bolts. This eliminates any 
possibility of turning on the gang bolt. 

Another important feature is the extended cone 
with a hardened, smooth ground surface. It 
enables seals to operate at maximum efficiency in 
keeping dirt and dust out, lubricant in, maintenance 
down. 

This new Timken square bore bearing is another 
example of Timken Company pioneering. It has all 


NOT JUST A BALL O NOT JUST A ROLLER (.) THE TIMKEN TAPERED ROLLER ()> 


! 
; 


BEARING TAKES RADIAL()) AND THRUST 
i 


te 
+ 


- yf 
})— LOADS OR ANY COMBINATION-())— 
on 


Simplifies design, assembly 


Gives /onger life, cuts 
maintenance 


L8125"DIA.———— 


1.557" 


the usual advantages of Timken tapered roller bear- 
ings that help agricultural engineers answer three 
big problems: 1) combination loads; 2) dirt; 3) 
ease of operation. And this new bearing has been 
tested and proved in two years’ field service under 
all operating conditions. 


Ask our Sales Engineers for full information. They 
can help on any bearing application. From the wide 
range of types and sizes of Timken bearings they'll 
help you select the one best suited to your needs in 
terms of engineering and economy. The Timken 
Roller Bearing Company, Canton 6, Ohio. Canadian 
plant: St. Thomas, Ontario. Cable: ““TIMROSCO”. 
Makers of Tapered Roller Bearings, Fine Alloy Steels 
and Removable Rock Bits. 


The farmer's 
assurance of better 


design Tar 


} 
Tapered Roller 


TIMKEN “> BEARING 
EQUIPPED 
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